To: Fawecett, Allen[Fawcett. Allen@epa.gov]; Marten, Alex[Marten. Alex@epa.gov}
From: Kopits, Elizabeth

Sent: Mon 8/17/2015 4.08:13 PM

Subject: RE: Social Cost of Methane Comms

201508 14 comms_CB QA v2 (3) dim KG alm ks_EK.docx

Hi Allen and Alex,

What do you think of something like this? I mostly just rearranged things but can
shorten/simplify further if need be.

Elizabeth

From: Kocchi, Suzanne

Sent: Monday, August 17,2015 9:13 AM

To: Fawcett, Allen; Kopits, Elizabeth; Marten, Alex
Subject: FW: Social Cost of Methane Comms

FYI—1Isee you are listed but just in case you didn’t get this (it took a while to show up in my

inbox).
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To: Lewis, Josh[Lewis.Josh@epa.gov]; Roberts, Martha[Roberts.Martha@epa.govl; Marten,

Alex[Marten.Alex@epa.gov]; McGartland, Al[McGartland.Ai@epa.gov}
From: Kopits, Elizabeth

Sent: Mon 8/17/2015 1:49:32 PM

Subject: RE: SCC letter to EPW

Thanks!

From: Lewis, Josh

Sent: Monday, August 17,2015 9:30 AM

To: Roberts, Martha; Kopits, Elizabeth; Marten, Alex; McGartland, Al
Subject: Fwd: SCC letter to EPW

Begin forwarded message:

From: "Lewis, Josh" <Lewis.Josh@epa.gov>

Date: August 12, 2015 at 10:59:43 AM EDT

To: "Niebling, William" <Nichling William@epa.gov>, "Lubetsky, Jonathan"
<Lubetsky.Jonathan@epa.gov>, "Friedman, Kristina" <Friedman.Kristina@epa.gov>
Cc: "Bailey, Kevin]" <Bailey.KevinJ@epa.gov>, "Haman, Patricia"
<Haman.Patricia@ecpa.gov>

Subject: FW: SCC letter to EPW

Was able to track this down from Kyle. Was sent yesterday.
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To: Marten, Alex[Marten.Alex@epa.govl
From: Kopits, Elizabeth

Sent: Thur 7/30/2015 10:02:50 PM
Subject: Re: Social cost of carbon distribution

Ok sounds good

Sent from my iPhone

> On Jul 30, 2015, at 5:50 PM, "Marten, Alex" <Marten.Alex@epa.gov> wrote:

>

> not a problem. | liked your admin note and just recommended to Jenny that she use that. | will look at
the media advisory first thing tomorrow. : Non-Responsive !

=

> am

> Alex Marten
> marten.alex@epa.gov

ED_000584A_ 00001363



From: Kopits, Elizabeth

Importance: Normal

Subject: Accepted: Hold for NAS open session on SCC
Start Date/Time: Wed 9/2/2015 9:00:00 PM

End Date/Time: Wed 9/2/2015 10:00:00 PM
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To: Marten, Alex[Marten.Alex@epa.gov]
From: Kopits, Elizabeth

Sent: Thur 7/30/2015 9:49:10 PM

Subject: Re: Social cost of carbon distribution

Thank you! | owe you one, or rather like 1000.
Let me know if you want to discuss the media advisory or just iterate by email. Apparently | am finally
boarding soon. Airport total zoo

Sent from my iPhone

> On Jul 30, 2015, at 5:42 PM, "Marten, Alex" <Marten.Alex@epa.gov> wrote:

>

> Hi Akshay,

>

>

> Attached please find all of the underlying SCC draws from the simulations conducted, including for the
2010 emissions year. Please let us know if you have any further questions.

>

>

> -

> Alex Marten

> marten.alex@epa.gov

>

>

>

> From: Kopits, Elizabeth

> Sent: Thursday, July 30, 2015 5:31 PM

> To: Akshay Ashok

> Cc: Frisch, Janet E; Wolverton, Ann; Gorman, Chad M; Marten, Alex

> Subject: Re: Social cost of carbon distribution

>

> Hi Akshay,

>

> Thanks for your inquiry. | am very sorry | meant to try to send you this earlier today but did not have a
free minute, and now | am headed off on vacation. If it can wait for a couple of weeks let me know.
Otherwise If | am able to access the files remotely then | will try to send them tomorrow. Alternatively |
may ask my colieague Alex Marten (ccd above) to help you.

>

> Thanks,

> Elizabeth

>

> Sent from my iPhone

>

> On Jul 30, 2015, at 11:18 AM, "Akshay Ashok" <aashok@mit.edu<mailto:aashok@mit.edu>> wrote:
>

>

> Dear Janet,

>

>

>

> Thanks for forwarding the appropriate contacts.

>

>

>

> Elizabeth and Ann, | appreciate your assistance in this matter!
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>
>

>

> Thanks,

>

> Akshay

>

>

>

> From: Frisch, Janet E [mailto:Frischd@gao.gov]

> Sent: Tuesday, July 28, 2015 6:15 PM

> To: Akshay Ashok

> Cc: 'Kopits, Elizabeth'; 'wolverton.ann@epa.gov<mailto:wolverton.ann@epa.gov>'; Gorman, Chad M
> Subject: Social cost of carbon distribution

>

>

>

> Dear Akshay

>

>

>

> Elizabeth Kopits or Ann Wolverton with EPA could help answer your question. | have included them on
this email.

>

>

>

> Kind regards,

> Janet E. Frisch | Assistant Director

>

> US GOVERNMENT ACCOUNTABILITY OFFICE

>

> 701 5th Avenue, Suite 2700 | Seattle, WA 98104 | 206.287.4859

> Fax: 206.287.4872 | frischj@gao.gov<mailto:frischj@gao.gov> | www.gao.gov<http://www.gao.gov/>
>

>

>

> Follow GAO on Twitter<http://www.twitter.com/usgao>, Facebook<http://www.facebook.com/usgao>,
Flickr<http://www flickr.com/usgao>, YouTube<htip://www.youtube.com/usgao>,
Podcasts<http://www.gao.gov/podcast/watchdog.htmi>

>

VVVYyVy

> From: Akshay Ashok [mailto:aashok@mit.edu]
>

> Sent: Tuesday, July 28, 2015 1:54 PM
>

> To: Gomez, Jose (Alfredo)
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>
> Subject: Social cost of carbon distribution

> My name is Akshay Ashok, and | am a PhD student at MIT working on the climate impacts of aircraft
emissions. | am interested in the valuation of CO2 emissions impacts, and | came across a paper by the
interagency working group on the social cost of carbon
(http://www.whitehouse.gov/sites/default/files/omb/inforeg/scc-tsd-final-july-2015.pdf).

>

>

>

> | would like to obtain the distribution of SCC in 2010, but unfortunately the paper only contains summary
statistics for SCC in 2020 (Figure 1 and table A5). Would you have the distribution for 2010 SCC, or could
you direct me to the right person who might be able t0?

>

>

>

> Thanks,

>

> Akshay

> <SCC 2013 TSD output - July 2015 revision.zip>
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Cc: Marten, Alex[Marten.Alex@epa.govl; Bowen, Jennifer[Bowen.Jennifer@epa.govl
To: McGartland, Al[McGartland. Ai@epa.gov]

From: Kopits, Elizabeth

Sent: Thur 7/30/2015 9:03:15 PM

Subject: Re: draft input for media advisory

This could use some work but here is what I have so far:
SCC:

The closed door launch meeting for the National Academies' project was held yesterday (July
30). The process is off to a smooth start and there continues to be strong coordination between
EOP, EPA, and other agencies in this effort.

Public posting of general information about the project and committee membership by the
Academies will occur by August 14th, or possibly a few days earlier. This will include a media
advisory that will provide a 2 sentence description of the goals of the project, list the sponsors,
and direct to the dedicated Academies' web page for this project. The first committee meeting
(part of which will be open to the public) is scheduled for September 2-3.

Sent from my iPhone

On Jul 30, 2015, at 4:29 PM, "McGartland, Al" <McGartland Al@epa.gov> wrote:

Can you draft a few sentences for the weekly report to the Administrator. 1 think I would
stress the strong coordination with WH and other agencies, everything is on track, etc. And
the media advisory should be prominent as well.

From: Kopits, Elizabeth

Sent: Thursday, July 30, 2015 3:29 PM
To: Marten, Alex; McGartland, Al
Subject: Re: draft input for media advisory

FYI- Kevin just called me asking about this morning's meeting so I gave him a full debrief
over the phone. Seemed pleased and is on board with media advisory. Would be interested
to see our suggested draft once the 3 of us are happy with it.
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E.
Sent from my iPhone

On Jul 30, 2015, at 2:44 PM, "Kopits, Elizabeth" <Kopits.Elizabeth@epa.gov> wrote:

Here’s a start. Let me know what you think. I have to leave for the airport now but

A

will continue to be available remotely.

See you in a couple weeks! ©

<darft input for media advisory.docx>
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To: Marten, Alex[Marten.Alex@epa.govl; McGartland, Al[McGartland. Al@epa.gov]
From: Kopits, Elizabeth

Sent: Thur 7/30/2015 6:44:15 PM

Subject: draft input for media advisory

darft input for media advisory.docx

Here’s a start. Let me know what you think. I have to leave for the airport now but will

~AAT |

$1amiin A axrailahla waes ~ials
COLIIIUC 1O DU avdallavlc 1CIuikly .

See you in a couple weeks! ©
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To: Rennert, Kevin[Rennert.Kevin@epa.gov]; Shouse, Kate[Shouse.Kate@epa.gov};, Marten,
Alex[Marten.Alex@epa.gov]

Cc: McGartland, Al[McGartland. Al@epa.govl; Bowen, Jennifer[Bowen.Jennifer@epa.gov}
From: Kopits, Elizabeth

Sent: Thur 7/30/2015 1:53:32 PM

Subject: RE: FYI - in case Qil&Gas is signed before Landfills (before | get back from vacation)

Hi Kevin,

[ am compressed tomorrow and: Ex 6 - Other ibut can be reached by email or
phone if need be. T will try to monitor email for anything time sensitive and can work/join calls
if absolutely necessary —e.g.i Non-Responsive i

Other fronts:

NAS SCC - I don’t expect anything will be needed for the next couple of weceks. I can pull
together whatever is needed for the first committee meeting when I get back.

Non-Responsive

Non-Responsive

Hope this helps.

Elizabeth
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From: Rennert, Kevin

Sent: Thursday, July 30, 2015 9:36 AM

To: Kopits, Elizabeth; Shouse, Kate; Marten, Alex

Cc: McGartland, Al

Subject: RE: FYI - in case Oil&Gas is signed before Landfills (before I get back from vacation)

Non-Responsive

Thanks,

Kevin

From: Kopits, Elizabeth

Sent: Thursday, July 30, 2015 8:37 AM

To: Shouse, Kate; Marten, Alex

Cec: Rennert, Kevin; McGartland, Al

Subject: RE: FYI - in case Oil&Gas is signed before Landfills (before I get back from vacation)

Super, thanks!

From: Shouse, Kate

Sent: Thursday, July 30, 2015 8:35 AM

To: Kopits, Elizabeth; Marten, Alex

Cec: Rennert, Kevin; McGartland, Al

Subject: RE: FYI - in case Oil&Gas is signed before Landfills (before I get back from vacation)

Non-Responsive
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Non-Responsive 1|’ planning to submit all of the same documents to both dockets. So, the SC-
CH4 and SC-CO2 materials I sent to Hillary for landfills will also be sent to OAQPS for oil and
gas.

From: Kopits, Elizabeth

Sent: Thursday, July 30, 2015 7:
To: Marten, Alex; Shouse, Kate
Cec: Rennert, Kevin; McGartland, Al

Subject: FYI - in case Oil&Gas is signed before Landfills (before I get back from vacation)

A

£C AWK
DD Alvi

Hi All,

I'don’t have a good sense of the timing of these two rules, but, before I forget, I just wanted to
mention that if O&G ends up being signed before Landfills, then the Q&A on the use of Marten
et al. will have to be revised to reflect that — if anyone asks for it. Attached is the latest version
(which you all already have) which reflect the use of Marten et al. in Landfills. I have
highlighted the 3 instances where Landfills 1s mentioned; these would have to be changed to
O&G, if that rule is signed first.

Also, Kate and Alex - do either of you know whether the full peer review document that Alex
put together for Landfills has been uploaded to the O&G docket? If not, I think it needs to be
added there too. I will still try to help you with any remaining responses to the O&G interagency
comments if I can today.! Non-Responsive

Thanks!

E.
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To: Shouse, Kate[Shouse.Kate@epa.govl
From: Kopits, Elizabeth

Sent: Wed 7/29/2015 3:21:21 PM

Subject: FW: SCC response letter

7.21.2015 JMl! et al to EPA re SCC docs.pdf

FYI - In case you haven’t see in it, here is the incoming letter pertaining to the email I just

AAAAAAA A b B U S S,
L

£
urwatucud o you.

specifics regarding any document production in the transmittal email rather than the letter

response I just sent you.

That’s all I know for now.

Elizabeth

From: Roberts, Martha

Sent: Wednesday, July 29, 2015 10:38 AM
To: McGartland, Al; Kopits, Elizabeth

Cc: Lubetsky, Jonathan; Friedman, Kristina
Subject: RE: SCC response letter

Adding the incoming letter, as well as Jonathan and Kristina so we’re all on the same email
chain. Kristina, please circulate this draft response to the appropriate individuals in OAP.

Thanks all,

Martha

From: Roberts, Martha

Sent: Wednesday, July 29, 2015 10:32 AM
To: McGartland, Al; Kopits, Elizabeth
Subject: SCC response letter

angs oy bt redla RA P Y= PrIl DY s A
ULIL LY COUllVOIdAliull WILLE 1vE ISUULUS HAC LWIVY L
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Take a look at the draft response and let me know if you have any edits/comments. Feel free to
circulate this to others in NCEE who should take a look. Thanks!

Martha

Martha Roberts

Counsel, Office of Policy
Environmental Protection Agency
Office: 202-564-2286

Cell: 202-380-6677
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From: Kopits, Elizabeth ________________ -
Location: TBD -} Conference code ! Code! Conference code
Importance: Normal '
Subject: Declined: Tentative HOLD SCC Kevin Rennert Meeting
Start Date/Time: Mon 7/27/2015 7:30:00 PM

End Date/Time: Mon 7/27/2015 8:30:00 PM

Hi Natalie - Since Janet Means-Thomas already scheduled this same meeting for Wednesday
(1pm) , can you please cancel this one for this afternoon?

Thanks!

Elizabeth
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August 23,2013

National Freedom of Information Officer

US. Environmental Protection Agency

1200 Pennsylvania Awmﬂe NW( 2822%’ T }
~ Wa&hmgwn, DC 20460 ‘

Dear ’Z'm: or Madam

This is a request made pumuam tc the me&@m of Information Af:t (“FOIA™),5US.C.§ 522 :
and the implementing m;_,,ulatmns of the Emzmnmanmi Prme:ctwn Agency (“EPA™), f‘ar mp:es
of the following records: R : :

1) All records discussing, describing, mtfmmg to or mmgam%mg the 7 m:hmmi Sapp@rf
- Dacument: -- Social Cost of Carbon for Re or;
Ordar 1. 2866 (Fcbmar; 2010) ¢ 2010 ?‘1

2)

by the Inferagency Working Group on Social Cost

hxemtmz ()rder 1 2866 { Mﬁy 201 3) { ‘21} ]

To the extent not pmv;dﬁza in rfmmnse tore ‘ % #1 411 rmmds of information relied upon
of Carbon, United States Government

-~ (UIWG on SCCT) in the df:veiopmmt of thc 2!}:' 0 T?D on 5»'(" C and the 201 3T8DonSCC,

including but not limited to:

a) Any presentations, reports, studies, mmpuwr or other ana}yiwaf models, and data
{including modeling data) created hy m* on hfzhaff of the /WG on SCC, or provided to or
obtained by the IWG on SCC. :

by Any mmfm that discuss; &%mb& ;mﬁmm or otherwise m}am 1o the integrated
Assessment Models (“IAMs") referenced in the 2010 T%‘Q on SCC or thf: 2013 TSD on
SCC, including but not limited to: .

i) any inputs and assumptions (mclm#mg ! but not limited to aﬁmm;}mms on dzewumz%,
cquthbmum climate %mnw;w, and sc%mmmnﬂmm vmabl%h

cwmes a':d in mrgmal Ltﬁmmmc. fmm} and

iii} the source codes for the I}KLE PAGE 2

onSCCor 2013 ”:"%ﬁ* on SCC (m the m‘z@mﬁ eizammnm form, such as native madc ing
formats) ‘ :

ol il 1)L 0 Db oo iy Barisn i S By 1 SRy AU P A1V DRSS 0 i et st Sty Akt pactorabipe

ISR B ¥

‘ HMI} models mffmmd to in the 2010 TSH ‘

O
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SIDLEY|

National Freedom of Information Gfﬁwr
August 23, 2013
Page 2

¢) Any records that identify, discuss, interpret or relate to any uncertainties or error rates of
the 2010 TSD on SCC or the 2013 75D on SCC or any of the IAMs referenced in or
relied upon by the 20/ 078D on, SCC or the 2013 ISD on scc, nwiudmg but not hmzmd
1o any Hmitations in using the D%:E ?MZE o ? D ma%m m make gsm;dm@mv, ‘

X b&yand the year 2100.

d) Any records that discuss, mw
the 2013 TSD on SCC i 18 mchr )
on SCC,

e) Any records that discuss, umzr;mg relate to, ex@lam or make recammmdatmm or
decisions regarding global versus domestic measures of the social cost of carbon with
respect to the work of the /WG on SCC and the 2010 TSD on SCC or 2013 TSD on SCC,
including but not limited to 1he Laiwimmn oruse of a dammtw scC for the Umted
States. :

t o fmp}' ‘ y the mml cost @i t:mben estimated by
maieiy ﬁ% h ghcr than that est; xmmm? by the 2010 TSD

3) Any records discussing, interpreting, tmnmﬁmg or relatmg to any cmuque%, analyses or
studies of the 2010 78D on SCC or 2013 TSD on SCC, or any data, information or models
relied on or referred to in the 2010 TSD on SCC or 2013 ?”%} on SCC, irwludmg but not

limited to the work or «ga}mmﬁmz of Rﬁhm Pmdyck :

For purposes of this request, “records” mean documents, information, ‘memoranda, letters,
reports, drafts, communications, records of communications, telephone measage records,
calendars, agendm meeting sxgmm sheets, presentations, handwritten or typed notes, facsimile
transmissions, electronic mail, mem;:am or rmmdmgs (audio or visual) of meetings, tapes and
all other types of mwm’ia in the possession, mmmi or custody of EPA or contractors working for
EPA. : :

For all records responsive to. !%ww requests that are nm pm(iumd based on an assemd exemption
from disclosure, please prepare a privilege aml/or exemption log. describing, at a minimum: (i)

the type of record withheld; (ii) the date(s) af the creation of the wemd (iii) the sub;ec:t of the
record; (iv) the identity of the author and all recipients of the records; and (v) a detailed ‘
dmcnptmn of the basis upon which EPA is wnhhcﬁejmg the record (e e.g. the claim of privilege,
FOTA exemption, etc.). To the extent any responsive documents are withheld based upon a

claim of privilege or other exemption from disclosure, please produce redacted copies of all non-
privileged or non-exempt factual material contained within such documents.

As required by law, please provide the above records within twenty (20) business days of receipt
of this FOIA Request. 5 U.S.C. § 552(a)(6)(A)(i). If it appears that it may not be possible to
provide all of the records by the statutorily-mandated dmf.ﬂme, please provide the responsive
records that are available as of thc deadline (z ¢.. do not thhha!d responsive records past the
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National Freedom of Information Ofﬁf.er B R
August. 23,2013
Page 3

deadline while searching for addmma} IﬁCﬁfdﬁ), zmd piem contact me pmmptly r&g&mi% any
scheduiing issues. ‘

I confirm in advance my willingness to pay fw‘ all reasonable costs associated with searching fm'

and copying these records. Haweven shemwl thebﬁ c&sts exceed $500 1 ask that ys:m f:{mtact me
prior to pmcwdmg s ‘

Thank vou for your pmmpt attention tﬁ ﬁ”ﬁﬁ m@;ma Please direct tmy mqumm, notmm,. or
ﬁ'mmmmm to me o (71 3‘) 495»»%% er gk

. Sznﬁﬂm}}' ‘
/s/ Christopher L. Bell

- Christopher L. Bell

ED_000584A_00001450
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" National Freedom of Information Officer
~U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW (28222)
Washington, DC 2ﬂ460 ke

Dear Siror Madam*

This is a request mada pursuant m the I“mﬁﬁimﬁ c;f’ lnfommzm Acz, {‘*YO%A"’}, 5USC. §522
and the implementing regulations of the Enwmnmfmml Protection Agency (“*EFA’ ), for copies
of the following records: :

1. All records identifying the dates and attendees of meetings, or dates of and participants in
teleconferences or webinars involving, the Interagency Working Group on Social Cost of
Carbon, United States Govemmem {“IW(} on SCC™), ot any cmmmntm, working gmup sub-

- committee, task force or pm;m.t group thereof. :

2. Any government contracts used to hire any(me o aﬁsxst in ﬁw prepamnm of the Techmca!
Support Document: -~ Social Cost of Carbon for Regulatory Impact Analysis - Under
Executive Order 12866 (hbnmrv 2010) (¢ 18D on SCC™) or the ?‘Wﬁmw! Support
Document; - Technical Update to the Social Cost of € arban Jor Regufamry Impact Analysis
Under Executive Order 12866 (May 2013) (42013 78D on SCC™), including but not ixmxted
to, any government contracts used to hire anyone to perform the Integrated Assessment

‘Modeling referenced in the 2010 1SD on S(JC or the 2013 TSD on SCC.

3. Any records that describe, :dzntxfy commn,, interpret or provide the dates or substance of
briefings of political appointees in the Executive Branch on the 2010 7SD on SCC or the
2013 TSD on SCC, including s but not limited to, PowerPoint presentations. In the response,
please produce the mquem:xﬁ briefing rﬁwrd& in their native ongmai eiectmmt. form-
(P«meﬁ’mm Word, etc.). :

4. All electronic mait, WebEx docum:ﬁ%sﬁ Google Docs, text messages, instant messages. voice
mails, facsimiles or any other records relating to the 2010 TSD on SCC or 2013 TSD on SCC
that were sent to any person outside the /WG on SCC. including but not limited to documents
sent to or received from: any of the authors of the publications listed in the References
section of the 2010 TSD on SCC or 2013 15D on SCC; any other academics; government -
contractors; consultants; Sierra Club, Natural Resources Defense Council or other

il A A0 18 D i lisbily panorstp dovig busiens i Ssdiey Auttin Leh i rocsing in afffiation st other Skt Austn parherins
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SIDLEY!

National Freedom of lnfufm&m;m Officer.
August 23, 2013
Page 2

nongovernmental groups; and any other thzrd*pmw whatsoever that was nm ;mri of the WG
on SCC.

5. Allrecords discussing, describing, interpreting or relating to the appli»abi i’zy ofor
compliance with the Information Quality Act (P.L. 106-554, Section 515, 144 Stat. 2763
(2001)), or any Information Quality Act Guidelines published by the Office of Management
and Budget, with respect to the work of the /G on SCC or devem;mmam publication, use or
dissemination of the 2070 T?D on SCCorthe 2013 7SDon SCC.

6. All records discussing, mmrpm:ng or relating to the applicability of the Administrative
Procedure Act (5 U.S.C. § 500 et seq.) to the 2010 TSD on SCC or the 2013 T5D on SCC,
including. but not limited to whether those documents ahﬂuld have been published for pubtze
review and comment. ‘

For purposes of this request, “records”™ mean documents, information, memoranda, letters,
reports, drafls, communications, records of communications, telephone message records,
calendars, agendas, meeting sign-in sheets, presentations, mndwmterz or typed notes, facsimile
transmissions, electronic mail, transcripts or recordings (audio or visual) of meetings, tapes and
all other types of records in the possession, control or cusmdy of EPA or wntractm& working for
M"A

For all records responsive to these requests that are not produced based on an asserted exemption
from disclosure, please prepare a privilege and/or exemption log describing. at a minimum: (i)

the type of record withheld; (ii) the date(s) of the creation of the record: (iii) the subject of the
record; (iv) the identity of the author and all recipients of the records; and (v) a detailed
description of the basis upon which EPA is withholding the record (e.g., the claim of privilege.
FOIA exemption, etc.). To the extent any responsive documents are withheld based upona
claim of privilege or other exemption from disclosure, please produce redacted copies of all noa-
privileged or non-exempt factual matenal cmmmed wnhm such documem ‘

As required by law, please provide the ahow mwrd& within twenty (20) busme% days of recmpt
of this FOIA Request. 5 U.S.C. § 5)2(21}{6)(?;)(1} If it appears that it may not be possible to
provide all of the records by the statutorily-mandated deadline. please provide the responsive
records that are available as of the deadline (i.e., do not withhold responsive records past the
deadline while searching for additional r&cmds}, and pleasc contact me promply mgdrdmg. any
scheduling issues. :

1 confirm in advance my willingness to pay for all reasonable costs associated with searching for
and copying these records. However, should these costs exceed $500, 1 ask that y(m contact me
prior to proceeding,
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National Freedom of Information Officer

August 23, 2013
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Thank you for your prompt attention to this request. iﬁlwmé: direct
determinations to me at {713) 495-4508 or cbelli@sidley.com.
- Sincerely,
/s! Christopher L. Bell

‘Christopher L. Bell
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any inquiries, notices, or

ED_000584A_00001450



,ﬁ’,p/?’/@w/dj /té’/'péz:/ﬁ/ z:/%z /7% o?ﬂ/ﬁ AM% /7 @

ﬁtmw Y AUSTIN Lir CUBIBLEYAUBTR LR ﬁﬁw% : : HONG KONG SHANGHAL
. weew w1000 LOUISIANABTREET | BOGION 0 HOUBTOM  SINGAPDRE
SI SuiTEeooD L aﬁwﬁms;, CLONDON 0 BYDNEY
S HOUSTON TX mm S| CHICAGD U LOS ANGELEE o TOKYO
L mimamsesto o ] DALIAS U HEW YORKE . msmwmm oc
Lo mm 495 ms&nx | FEANKFURT 0 PALOALTO i

o] GENEVA g ?sm me:tsca

| chali@sidley com s S
T3 aes 408 | FOUNDED 1888

‘i;mgw,m;j -

National Freedom of Inform fon (T)fﬁwr
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW {2823"1”)
- Wa&hmgmn, {}C‘ ‘)Mﬁﬂ S

y ‘I}mr Str or Madam

: “‘\?Thas mare*uﬁst masia pus cmtw thefiw”

T Umled Stme:. Gavemmem‘ {“IW& on. S’(ZL;“:)

2. Al wcumlc; dcacrﬁz«mg or dmcusﬁmg any paat em»gemg (as «of ti‘m daw af thzs gubmzssmr{} or
o pi&rmed wm‘}: afthe IW(: on SCC ‘ ‘ : :

""} S“,PPWI Dmumem -.Q S
tor £ ‘i‘fﬁufwe Qrdw 12866

12366 (May 2013) ("‘76!3 ?&I) fm S(l
including but not limited to the nse
il wguia&mm and in mak: ng pﬂlwy decw

“beiused by F‘ﬁderai agmmw .
tl e?develspm»snt angi ;mmulgatmn‘ S

4. All records dmussmg or mtu;;rmftmg how hﬁ: ,w} ﬁ 3&{3 on SCC ér the 2013 Y’SIJ on SC L .
_have been used or relied on, or are planned to be used, by EPA in any regulation pmpased or
: pr@mulgmed by &PA orin smy puiu,y dmzsmm mmin by or gmdance docum@nzs created ¥3y

SO EPAG S

‘ }-cr gurpaaes of z’ms m«quﬁm. “*mﬁorda” mm dm:‘

4%1& mfﬂmatmn, n’wmmanda !emem, :
ic 5, telophone message records,

ions, h&néwr cn or typed notes. facsimile

rdin bs (audm or wsuni) of ma:mmgs tapes and

ity At ki P DW It Wby pardoneabi oy businons s Sy AUstes Lk and sractmg o STIItoR we oRint Sisley Austn pamanits

ED_000584A_00001450



FOIA - Freedom of Information Act it  Page2of3 @
Z:/Q /7' //ZM/ ? /IA//?éxﬁ e ﬁ;/%z-w /%@/ o?d/(:? 20 5/73

‘Pursuan‘t to the Freedom of lnfcrmation Act ;{”F{)!A”) 5U.S.C. § 552, and the
implementing regulations of the U.S. Environmental Protection Agency (“EPA”), 40 C.F.R.
Part 2, | am requesting a copy of the following EPA records:

1. All petitions for rulemaking of any kind submitted to the EPA Administrator related to
{any statute or regulation under which the EPA Administrator has the authority to ‘
promulgate regulations from January 1, 2013, to the present. These include, ‘but are not
limited to, petitions under the Clean Air Act, the Clean Water Act, the Resource
Conservation and Recovery Act, the Comprehengwe Environmental Response,
Compensation, and Liability Act, the Toxic Substance5 Contmi Act and the Federal
Insecticide, Fungicide, and Rodent;ctde Act. -

2. All notices of intent to sue EPA or its Administrator, dated from January 1, 2013, to the
{present, under any of the statutes listed above or under the Administrative Procedure Act
for:

a. Failure to timely act on any petition for ru!emaking;‘

b. Failure to meet any statutory, regulatory, or other deadline; or

“|c. Failure to meet any nondiscretionary obligation..

This request is only seeking for the specific items referred to above, all of which wouid
have been submztted to EPA by third parties. Therefore thrs request does not seek any
Irecords that are exempt from disclosure. :

I confirm in advance my wz!lmgness to pay for all reasonable costs associated with
searchmg for and t:opymg these records. However, should these costs exceed $250, | ask

that you contact me prmr to proce@dmg

Please d&rect 3ny mqumes not ices, or determma’tmn& to me at (2@2) 736 8281. Thank
you for your ant;c;pated assistance.

Description Available to the Yes iw% | Has Request B‘een Modiﬁed? -
Public : o “

~ Attached Supporting Files
No supporting files have‘been added.

https://foiaonline.regulations.gov/foia/action/agency/request/detail?requestld=jE3qnrnUD... 12/17/2013
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A Guide to Economic and Policy Analysis of EPA’s Transport Rule
Richard Schmalensee and Robert N. Stavins!

March 2011

The U.S. Environmental Protection Agency (EPA) is developing new rules to regulate the
interstate transport of sulfur dioxide (SO,) and nitrogen oxides (NOx) emitted from electric power
generation facilities. EPA’s regulatory proposal — the Clean Air Transport Rule (Transport Rule) —
is designed to help communities that are generally downwind of major emissions sources comply
with air quality standards and, in the process, provide health and environmental benefits to upwind
and downwind communities alike. The Transport Rule is one in a series of rules being developed
by EPA that will affect the electric power sector, including regulation of GHG emissions,
hazardous air pollutants, cooling water intake structures, and waste disposal for coal combustion
bi-products.’

As EPA undertakes this series of rulemakings, we believe the public interest requires the
Agency to carefully assess decisions about the stringency, design, and timing of proposed rules in a
holistic framework that appropriately accounts for the regulation’s likely effects. This framework
is grounded in “benefit-cost analysis,” a key element of regulatory impact assessments required
through Executive Orders spanning the past five Presidential administrations, and is complemented
by distributional assessment of the economic impacts to regions, sectors and populations. Using
this lens, several important points about the Transport Rule emerge:

+ Existing studies providing estimates of the Transport Rule’s benefits and costs
consistently find that benefits outweigh costs on a national basis, often by a wide margin.

EPA estimates that benefits of the Transport Rule are 25 to 130 times greater than the
corresponding estimated costs. The benefits come in many forms, with the largest coming

! Schmalensee is Howard W. Johnson Professor of Economics and Management at the Massachusetts
Institute of Technology and John C Head III Dean Emeritus of the MIT Sloan School of Management. He
served as the Member of the Council of Economic Advisers with primary responsibility for environmental
and energy policy from 1989 through 1991. He is a Research Associate of the National Bureau of Economic
Research and a Fellow of the Econometric Society and the American Academy of Arts and Sciences. He has
served as a member of the U.S. EPA’s Environmental Economics Advisory Committee and as Chairman of
its Clean Air Act Compliance Analysis Committee. Stavins is Albert Pratt Professor of Business and
Government, John F. Kennedy School of Government, Harvard University; University Fellow, Resources for
the Future; and Research Associate, National Bureau of Economic Research. He is an elected Fellow of the
Association of Environmental and Resource Economists, was Chairman of the U.S. EPA’s Environmental
Economics Advisory Committee, and served as Lead Author of the Second and Third Assessment Reports,
and Coordinating Leading Author of the Fifth Assessment Report, Intergovernmental Panel on Climate
Change. These comments are not submitted on behalf of any of these institutions, which are listed only for
purposes of identification. The authors are grateful to Todd Schatzki for invaluable assistance in the
preparation of this paper, but retain full responsibility for its content.

2 EPA is also reconsidering recently revised National Ambient Air Quality Standards (NAAQS) for ozone
that would likely require additional seasonal NO, reductions beyond those required by the Transport Rule.
EPA is also expected to propose new PM, s NAAQS later in 2011 that would potentially require additional
annual SO, and NOx reductions.
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Economic and Policy Analysis of EPA’s Transport Rule

from reduced premature mortality. Reduced morbidity, especially lower incidence of
respiratory and heart disease, improved visibility, enhanced agricultural and forestry yields,
environmental amenities, and improved ecosystem services would also be achieved. The
billions of dollars in savings expected from reduced health care expenditures and improved
worker productivity alone may more than offset the Transport Rule’s compliance costs.

* The net positive benefits of the Transport Rule estimated by these studies are robust to
oi

cev modelino assumntions

[
= 2 ALY RROQCRINRG @SSR,

Differences in key assumptions used to estimate the benefits of reduced premature
mortality largely drive the wide variation in estimated benefits of the Transport Rule,
which accounts for the vast majority (80 to 96 percent) of total estimated benefits. These
studies’ findings of positive net benefits continue to hold with changes to several key
modeling assumptions.

» Actions taken to achieve regulatory benefits also create social costs. The proposed timing
of the Transport Rule’s requirements appear unlikely, however, to raise the national
costs of implementation significantly.

Given the anticipated quantity of required pollution control retrofits, and the limited
quantity of coal-fired capacity expected to retire under Transport Rule, and excess capacity
in many regions, we should be able to easily avoid substantial transition costs.

* Expanded supplies of low-cost natural gas and currently underutilized labor supply to
help install pollution control equipment may well lower the social cost of the Transport
Rule and mitigate any impact on electric rates.

Although coal prices have risen over the past decade, technological advances in natural gas
extraction have greatly expanded economically viable supplies of unconventional sources.
By making natural gas-fired generation more competitive with coal-fired generation, these
price trends can not only lower the cost of reducing emissions through fuel substitution, but
also contribute independently to coal-fired plant retirement decisions along with other
market factors, such as EPA regulation.

Similarly, in difficult economic times, such as today’s, when unemployment is high, some
workers used to meet new regulatory requirements may otherwise have been unemployed
or underemployed. Thus, using their labor to implement the regulation imposes a lower
social cost. Consequently, implementing the Transport Rule during periods of high
unemployment may lower the Rule’s social costs.

*  “Upwind” states, in addition to “downwind” states, will receive substantial benefits from
the Transport Rule.

Although designed to address “upwind” states’ power plant pollution impacts on
“downwind” states, this characterization may misrepresent the geographic distribution of
the Transport Rule’s benefits and costs. While the Rule’s economic costs most likely will
be borne in upwind states relying heavily on coal-fired power, because of reduced
emissions, these states also would likely receive substantial benefits from the Rule, largely
in the form of improved health outcomes. The benefits will include reductions in health
care expenditures and improved worker productivity, as well as improvements in well-
being.

Page2
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*  Employment will likely rise in the short run as a consequence of the Transport Rule, due
largely to investment in new pollution controls.

In the short run, the installation and operation of new pollution control equipment and
construction of new generation to replace retired coal-fired generation under the Transport
Rule are likely to outweigh any reduced employment at retiring coal-fired facilities. In the
long run, given the many adjustments within and outside the electric sector, the Transport
Rule’s impact on net Pmn]nvmpnt could be nositive or neoative.

Rpact O 0L CIAPIOYIICIR L0 PUSIUVY O Blpgall

In sum, while imposing incremental costs to achieve reductions in SO, and NOyx emissions,
the Transport Rule would produce significant benefits in terms of improved health outcomes, and
better environmental amenities and services, which studies estimate significantly outweigh the
costs.
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I. EPA’s Transport Rule and Other Rulemakings Affecting the Electric Power Sector

The Transport Rule is being developed to satisfy the “good neighbor” provision of the
Clean Air Act (CAA), which requires that upwind states reduce emissions that “contribute
significantly” to downwind states’ nonattainment with (or maintenance of) National Ambient Air
Quality Standards (NAAQS) for two key pollutants: ozone and fine particulate matter (PM, ).’
Because SO, and NOx are “precursors” to ozone (i.e., smog) and PMz_Sf reductions in upwind SO,
and N()SX emissions can help reduce ambient ozone and PM,s concentrations in downwind
regions.

The Transport Rule is EPA’s second effort to satisfy these “good neighbor” provisions.
Because of “legal flaws”, the U.S. Court of Appeals (the Court) remanded EPA’s first effort, the
Clean Air Interstate Rule (CAIR), but required that CAIR remain in effect until a rule addressing
the Court’s concerns was promulgated. Under the Transport Rule, power plants will need to
comply with Phase I state-specific emissions targets in 2012 and more stringent Phase Il emission
targets in 2014. As shown in Table 1 below, these targets represent reductions of between 30 to 60
percent below anticipated (Baseline) emissions in 2012 absent the Transport Rule. Notably,
however, because of industry over-compliance with existing SO, and NOy emission requirements,’
2009 emissions alrecady were substantially below the Baseline level. Indeed, NOx emissions in
Transport Rule states in 2009 were below aggregate emissions under both 2012 and 2014 Transport
Rule requirements, whereas achieving aggregate SO, 2014 targets will require about a 40 percent
reduction relative to 2009 emissions.’

In its ruling, the Court invalidated the core of prior SO, and NOx regulation, a cap-and-
trade system with unlimited trading across states, which had afforded maximum compliance
flexibility.®  While fixing the spatial distribution of emissions may provide greater assurance that
upwind emission reductions will help downwind regions achieve and maintain NAAQS
compliance, it also limits the opportunity to shift emission reduction efforts to locations where they
are least costly. Therefore, the proposed Transport Rule has the potential to raise the costs of

> US EPA, 2010. “Federal Implementation Plans To Reduce Interstate Transport of Fine Particulate Matter
and Ozone, Proposed Rule.” Federal Register 75(147):45210-45465. CAA Section 110(a)(2)(D). EPA has
previously promulgated rules to satisfy the “good neighbor” provision, including the NOx SIP Call in 1998,
which reduced NOx emissions to assist downwind states’ compliance with the ozone NAAQS.

4 Through chemical reactions in the atmosphere, both SO, and NOx emissions can lead to atmospheric ozone
and fine particulates, both of which have adverse health consequences. (PM, s refers to fine particulates
smaller than 2.5 micrometers which can be inhaled deeply causing serious respiratory problems.) Ozone,
commonly known as smog, is formed in the atmosphere when hydrocarbon vapors react with nitrogen oxides
in the presence of sunlight. Both SO, and NOx can be transformed through atmospheric chemical reactions
into small particulates.

> The Transport Rule would limit annual SO, and NO; emissions in 28 states, and seasonal NO; emissions in
26 states.

¢ SO, emissions are currently capped at 8.95 million tons in 2010 annually under Title IV of the 1990 CAA.
Many factors have contributed to over-compliance, including the banking of allowances to comply with
future requirements.

" Because the Transport Rule will require compliance with individual state budgets, the reductions necessary
for each state to meet its state budgets will vary.

¥ Prior regulations include the Title IV SO, Trading Program, the Ozone Transport Commission NOx Budget
Program, and the NOx SIP Call.
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achieving aggregate reductions in SO, and NOy emissions.” Notably, however, EPA’s preferred
design for the proposed rule establishes state-specific emissions caps or budgets for power plant
SO, and NOx emissions, and allows intra-state emissions trading and limited inter-state emissions
trading.'” As such, to help lower compliance costs, EPA’s proposal provides some compliance
flexibility while also addressing the Court’s concerns regarding CAIR."

Table 1

SO; and NOx Emissions: Actual and Projected Compared to Transport Rule Targets
For Transport Rule States (Million Tons)

2012 2014
Transport Transport
2008 2009 Baseline Rule Baseline Rule
SO, 8.9 4.7 85 3.6 7.4 28
percent reduction relative to 2009 23% 40%
percent reduction relative to baseline 58% 62%
NOx (annual) 22 13 22 14 21 14
percent reduction relative to 2009 -6% -6%
percent reduction relative to baseline 36% 33%
NOx (summer) 0.7 0.6 0.7 06

Note: Baseline emissions are EPA’s estimate of future emissions assuming pre-existing regulatory requirements
(e.g., Title IV SO, trading) and economic factors affecting the operation of pollution control equipment.
Source: EPA, June 2010; EPA, Acid Rain Program Progress Reports, for 2008 and 2009.

Given the potential for flexibility to lower compliance costs, as it develops other power
sector rules, EPA should endeavor to continue to allow as much compliance flexibility as is
feasible. Flexibility can emerge in various ways in the different EPA rule-makings. For example,
future regulations of cooling water intake structures, designed to reduce fish impingement and
entrainment, could provide flexibility by allowing consideration of site-specific circumstances, and
by includlizng the potential for restoration at other locations to offset impacts from the intake
structure.

? The Court’s decision on CAIR has effectively ended the nationwide SO, allowance trading system created
by Title IV of the 1990 CAA. That system embodied the assumption that all SO, emissions are
environmentally equivalent, regardless of their location, thus achieving some reduction in compliance costs
at the expense of a more certain distribution of benefits.

1 The Transport Rule proposes state-specific caps, based on each state’s contribution to downwind
nonattainment, in response to the Court’s concern that CAIR’s cap-and-trade program did not sufficiently
assure elimination of upwind sources’ “significant contribution” to downwind nonattainment.

' EPA is also considering two alternatives to its preferred design. Both options limit trading flexibility and
thus would raise the costs. One alternative prohibits inter-state trading entirely, while allowing intra-state
trading. The other “direct control” option would cap state-level emissions, impose emission rate standards on
all facilities, and allow averaging across each company’s facilities within each state.

2 In some respects, EPA’s proposed rule for cooling water intake structures embodies such flexibility. EPA,
Proposed Regulations to Establish Requirements for Cooling Water Intake Structures at Existing Facilities
and Amend Requirements at Phase I Facilities, March 28, 2011.
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II. Fundamentals of Economic and Policy Evaluation of Environmental Regulations

Economic analysis of proposed regulations is a critical element of the regulatory process.
When performed properly, such analysis can contribute valuable information for constructive
public deliberations on new policies and can help ensure that regulations provide positive net
benefits to society.”’ Benefit-cost analysis is the core element of a sound economic assessment of a
proposed regulation. Within the benefit-cost framework, the full benefits and costs of proposed
policies are estimated and aggregated to determine which regulatory approach (including the option
not to regulate) is likely to provide the greatest net benefits (benefits minus costs)."* When benefits
and/or costs occur over time, as they typically do, discounting is performed to aggregate over
different time periods. To the extent possible, both benefits and costs are estimated in monetary
terms, to enable direct comparisons. Applying benefit-cost methods to alternative policies —
including different stringency levels, implementation schedules, and/or policy instraments — can
help identify which alternative provides the greatest net benefits to society.

Environmental regulations can provide a range of benefits associated with human health
(including enhanced well-being, lower health expenditures, and increased worker productivity),
greater public and workspace safety, better recreational experiences, improved visibility, enhanced
aesthetic amenities, and improved ecological services. Due to the lack of markets for many of
these benefits, monetizing their values raises many challenges. However, available empirical
methods can reliably determine individuals® willingness-to-pay for improvements in health,
recreational experiences and environmental conditions, while other methods can provide proxies
for benefits when such estimates are not available.

Actions taken to achieve regulatory benefits also create social costs.” While the
availability of relevant markets simplifies certain aspects of cost analysis, accurately capturing the
economic impacts of new rules, particularly under uncertain future conditions, raises many
challenges. These impacts reflect actions taken to comply with the regulation (compliance costs),
plant shutdowns, job losses, and production disruptions arising in the transition to new regulations
(transition costs), and the impact of higher prices on the broader economy (general equilibrium
costs).

Assessment of a regulation’s distributional impacts complements benefit-cost analysis.
Even though a regulation creates net gains for society as a whole, it may nonetheless make some
groups worse off. Distributional assessments focus on whether certain industries, income groups,
or geographic regions are likely to experience particularly positive or negative net impacts from the
proposed regulation. Such analysis can provide policymakers with an opportunity to modify the
regulation or supplement it with additional measures to address these distributional impacts.

Given the many benefits of comprehensive regulatory impact assessments, administrations
dating back to the Reagan era have required such assessments for all proposed “major” federal

B See, Arrow, Kenneth, Maureen Cropper, George Eads, Robert Hahn, Lester Lave, Roger Noll, Paul
Portney, Milton Russell, Richard Schmalensee, Kerry Smith, and Robert Stavins. "Is There a Role for
Benefit-Cost Analysis in Environmental, Health, and Safety Regulation?" Science, April 12, 1996.

'* Even when statutory requirements limit agency discretion to design regulations to maximize net benefits
(such as the setting of NAAQS), agencies are still required to analyze benefits and costs.

Y For a more complete taxonomy of regulatory costs, see: Jaffe, Adam B., Steven R. Peterson, Paul R.
Portney, and Robert N. Stavins. “Environmental Regulation and the Competitiveness of U.S. Manufacturing:
What Does the Evidence Tells Us?” Journal of Economic Literature 33(1995):132-163
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regulations.'® To this end, the White House Office of Management and Budget (OMB)"” and EPA
itself'’® developed guidance documents to define more formally the scope and methods that analysts
should use to create rigorous, balanced, and ultimately informative analyses.

II.  Analyzing the Benefits and Costs of EPA’s Transport Rule

The Transport Rule would lead to both new benefits — incremental to those achieved by
existing Federal and state emission requirements — and new costs, as the electricity sector takes
additional steps to meet stricter limits on power plant emissions. However, studies estimating the
Transport Rule’s benefits and costs have consistently found that benefits outweigh costs, on a
national basis, often by a wide margin. In this section we enumerate some of the benefits and costs
that would be created under the Transport Rule and discuss important issues for their proper
assessment.

A. Benefits

Existing EPA regulations to limit emissions of SO,, NOx and other criteria pollutants have
created significant benefits in terms of health improvements, aesthetic amenities, recreational
benefits, and ecosystem enhancements. OMB estimates that EPA air rules in place as of 2010
account for $93 billion to $629 billion (2009$)" in annual benefits, reflecting the vast majority (94
to 97 percent) of the benefits from all EPA regulations and a large share (60 to 84 percent) of the
benefits from all federal regulation.”® Most of these air quality benefits are attributable to rules that
target reductions in PM,; 5 pre-cursor emissions of SO, and NOx. EPA estimates even larger annual
benefits — $1.3 trillion annually in 2010 — from the CAA than those estimated by OMB.*!

The electric power sector currently accounts for roughly 75 percent of national SO,
emissions and 20 percent of national NOy emissions.”” Further reductions in SO, and NOx power

¢ E.0. 12866, signed by President Clinton in 1993, outlines the rationale, goals and requirements of federal
regulatory review. This was preceded by related Executive Orders, notably E.O. 12291, signed by President
Reagan in 1982. E.O. 12866 has been subsequently amended, but its primary provisions remain intact. The
Obama administration recently issues E.O. 13563, which “adds and amplifies” to E.O. 12866.

7 Office of Management and Budget, Circular A-4, September 17, 2003. OMB Circular A-4 outlines “best
practices” that agencies should use in conducting regulatory analyses.

¥ EPA’s Guidelines were revised and re-released in 2000. Revisions were made in collaboration with
outside experts and its Science Advisory Board. One of the authors chaired the SAB’s Environmental
Economics Advisory Committee at that time. EPA, “Guidelines for Preparing Economic Analyses,” EPA
240-R-00-03, September 2000.

' Throughout the paper, values from other studies are converted into 2009 dollar values using the GDP price
deflator. Bureau of Economic Analysis, “Price Indexes for Gross Domestic Product,” 2010.

*% These aggregate figures generally reflect benefits as estimated by EPA. OMB, Office of Information and
Regulatory Affairs. “2010 Report to Congress on the Benefits and Costs of Federal Regulations and
Unfunded Mandates on State, Local, and Tribal Entities.” 2010, pp. 10-14.

! This estimate includes reductions from CAIR and the Clean Air Mercury Rule, which has since been
vacated. “The Benefits and Costs of the Clean Air Act from 1990 to 2020,” Office or Air and Radiation,
March 2011.

*» EPA, Nitrogen Oxide and Sulfur Dioxide Emissions by Sector, 2005.
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plant emissions can potentially yield a wide variety of benefits, including reduced mortality,
reduced incidence of respiratory and heart disease, improved visibility, enhanced agricultural and
forestry yields, greater environmental amenities, and improved ecosystem services.”> Moreover,
these benefits come in many forms, including improved well-being, reduced health-care
expenditures, and improved work-productivity from reduced sick days. The magnitude of these
health benefits will depend upon the size and location of emission reductions, the resulting
improvements in air quality, and the valuation of health benefits that arise from these air quality
improvements.

As shown in Table 2, estimates of the benefits from further reducing SO, and NOx power
plant emissions vary widely across studies. [See end of draft — will be embedded in text in final
draft.] Estimates of total benefits range from a low of $20 billion annually to a high of $310 billion
annually. The sizable variation in estimated total benefits is driven largely by differences in key
assumptions used in estimating the benefits of reduced premature mortality, which accounts for the
vast majority (80 to 96 percent) of total estimated benefits.”* These key assumptions include air
transport and health effects modeling, and the value of a statistical life (VSL), which measures the
benefits of reduced mortality risk. We examine the sensitivity of total benefits to these key
assumptions by holding constant assumptions related to either VSL or health effects across studies.
As shown in column [f] of Table 2, VSL estimates used in recent studies range from $2.8 million to
$8.3 million.”” Table 2, column [g] shows that using a $7.3 million VSL, as recommended in
EPA’s most recent economic guidelines and endorsed by EPA’s Science Advisory Board’s
Environmental Economics Advisory Committee, substantially narrows the range of total benefits
across studies, producing a minimum value of $48 billion in benefits.*

= For example, reductions in nitrogen and acid deposition may improve agricultural and forestry yields.

2 Our assessment of Transport Rule also considers studies of CAIR, given certain similarity in the policies’
requirements. Differences in the quantity and geographic distribution of emission reductions from each
policy will likely lead to differences in estimated and actual benefits and costs.

** VSL methods typically rely upon either differences in wages between more and less risky jobs or survey
methods to determine people’s willingness to pay for reductions in mortality risk. Even in economic terms,
VSL is not intended to capture the “value of a life.” Rather, VSL reflects the aggregate value that a large
number of individuals would be willing to pay in exchange for a small reduction in mortality risk.

26 One of the authors was chair of the Committee at the time of this review.
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Table 2

ED_000584A_ 00001555

Summary of the Economic Benefits of Reduced Electric Power SO, & NO, Emissions from Various Studies

Total Benefits with Fixed Values for:

VSL Health Effects
Mortality FPA SAB Popeet al. Palmeret al.
Source Year/ Case Policy Benefits  Benefits Costs Net Benefits VSL Value Effects Effects
[a] [b] I<] [d] [e] If] [2] [b] [i]
2014/ 3% + Pope Transport Rule $128.9 $1168  $24 $43 $1266 $1246 $8.3 $114.9 $1183 $75.0
EPA [1] _ 2014/3%+Laden Transport Rule $3094  $2972  $24 $43 $3070 $3050 83 $2137 sus3 $750
2014/ 7% + Pope Transport Rule $118.3 $1062  $24 $43 $1159 $1140 $83 $105.6 $118.3 $75.0
e 2014/7%+Laden Transport Rule $2775 82654  $24 $43 $2752 2732 83 $457 sus3 8750
,,,,,, 2010,3% discount CAIR %926  $850  s24 %902 876 8893 8875 8549
EPA [2] 2010, 7% discount CAIR $79.1 $71.5 $2.7 $76.4 $7.6 $76.3 $87.5 $54.9
..2015, 3% discount | CAR 81276  s1172 $2 $1244 $81 . 1160 1032 $654
2015, 7% discount CAIR $109.0 $98.7 $3.9 $105.2 $8.1 $99.3 $103.2 $65.4
2010 . CAR $20.6 $172 $3.7 $17.0 $2.8 $47.6 $32.5 $20.6
(with Mercury CAP)
mﬁﬁqm,g et m.w. mwu_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ﬁu% ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2020 . $29.5 $23.7 $7.1 $224 $2.8 $66.6 $443 $28.6
(with Mercury CAP)
National Research Council [4] 2005 Full Damages $63.9 $60.1 $6.2 $74.6

Adjusted benefits estimates are calculated as follows:

* EPA SAB VSL — Assumes a value of statistical life of $7.3 million in $2009, based upon the EPA’s Guidance for Economic Analysis, which has been
reviewed by the EPA’s Science Advisory Board Environmental Economics Advisory Committee.

*  Pope et al. Health Effects — Assumes levels of avoided premature mortality from reduced SO, and NOx emissions as estimated by EPA and based upon
health effect coefficients from Pope et al. (2002) for PM and Bell et al. (2004) for ozone, assuming a 7 percent discount rate when discounting future
mortality reductions.

*  Burtraw et al. Health Effects — Assumes levels of avoided premature mortality from reduced SO, and NOx emissions as estimated by Burtraw et al for
benefits in 2010. These estimates were the lowest health effects among studies analyzing SO, and NOx emissions reductions from eastern states. The
NRC study had lower health effects, although this study analyzed national emissions, including emissions from western states that are targeted by the
Transport Rule.

Estimates using fixed values for health affects assume an allocation of health effects to_SO, and NOx emissions based on estimates from the National Research
Council study.
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Table 2 (Continued)
Summary of the Economic Benefits of Reduced Electric Power SO, & NO, Emissions from Various Studies

Notes:

All figures in 2009 dollars.

[1] Estimated benefits reflect health and environmental improvements in the eastern United States regardless of whether a community is in compliance with
health-based NAAQS standards for ozone and PM, 5, Estimates from the National Research Council Reflect benefits from the elimination of a// emissions from
electric power generation.

[2] EPA provides two measures of social cost for Transport Rule. The first measure (reported first) reflects (Hicksian equivalent) economic surplus over future
years. The second measure (reported second) reflects direct compliance costs, including the annual cost of CAIR-related capital investment. Palmer et al.’s cost
estimate reflects the net change in producer and consumer surplus. Estimates of incremental direct costs (including control and fuel) are $3.0 in 2010 and $6.8
billion in 2020.

[3] Burtraw et al. analyze the costs associated with CAIR, targeting SO, and NOx emissions, and a cap on national mercury emissions. However, when
estimating benefits, they only consider benefits in reduced PM, 5 and ozone associated with CAIR emission reductions.

Sources:

[1] EPA, “Regulatory Impact Analysis for the Final Clean Air Interstate Rule,” EPA-452/R-05-002, March 2005.

[2] EPA, “Regulatory Impact Analysis for the Proposed Federal Transport Rule,” Docket ID No. EPA-HQ-OAR-2009-0491, June 2010.

[3] Palmer et al., 2005, “Reducing Emissions from the Electricity Sector, The Costs and Benefits Nationwide and for the Empire State,” Resources for the Future
Discussion paper 05-23, June; Palmer et al., 2007, “The benefits and costs of reducing emissions from the electricity sector,” Journal of Environmental
Management, 83(2007): 115-130.

[4] National Research Council, 2009, Hidden Costs of Energy: Unpriced Consequences of Energy Production and Use, Washington, D.C.

Page 10

ED_000584A_ 00001555



Economic and Policy Analysis of EPA’s Transport Rule

Each study’s estimated mortality benefits also reflect the complex series of modeling steps
needed to translate reductions in upwind SO, and NOx emissions first into changes in ambient
ozone and PM,s concentrations, and then into changes in health outcomes. To examine the
sensitivity to these modeling assumptions, we assume health effect values (reduced mortality per
ton of emissions reduced) from EPA’s most conservative Transport Rule scenario.”” As reported in
Table 2, column [h], when these health effects are used, estimated benefits range from $33 to $118
billion. When more conservative health effects are used, as shown in Table 2, column [i],
estimated benefits range from $21 to $75 billion.”™ Together, these results suggest that estimated
mortality benefits appear fairly robust to reasonable alternative values for these key assumptions.

Figure 1
Mortality Rates from Small Particulates from Coal-fired Power Facilities

w - Power Plants
Existing Power Plant Mortalily (Annual)
T 0-5 per 100,000 adulis
6 - 10 per 100,000 adults
10 - 16 per 100.000 adults
16~ 20 per 100,000 adults
B ~20 per 100,000 aduits

Source: Clean Air Task Force, 2010. Analysis by Abt Associates.

While designed to address downwind non-attainment, the Transport Rule also provides
significant benefits to the upwind regions that reduce emissions. As illustrated in Figure 1,
premature mortality from coal-fired power plants is most significant in the mid-western and eastern

*" This EPA scenario assumes mortality (health) effect coefficients from Pope et al. for PM and from Bell et
al. for ozone, and a 7 percent discount rate when valuing future mortality reductions. Bell, M.L. et al., 2004,
“Ozone and short-term mortality in 95 US urban communities, 1987-2000,” Journal of American Medical
Association, 292(19): 2372-9; Pope, C.A., 2011, “Lung Cancer, Cardiopulmonary Mortality, and Long-term
Exposure to Fine Particulate Air Pollution,” Journal of the American Medical Association, 287: 1132-1141.

8 Palmer et al., 2005, “Reducing Emissions from the Electricity Sector, The Costs and Benefits Nationwide
and for the Empire State,” Resources for the Future Discussion paper 05-23, June; Palmer et al., 2007, “The
benefits and costs of reducing emissions from the electricity sector,” Journal of Environmental Management,
83(2007): 115-130.
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states, many of which have such plants, with West Virginia, Pennsylvania, Ohio, Kentucky, and
Indiana experiencing the highest mortality rates.” In fact, three of these states — Ohio,
Pennsylvania and Indiana — are among the top four SO,-emitting states in the country. As shown in
Figure 2, which illustrates estimated ambient air quality (PM,s) improvement, Transport Rule
benefits would be spread over a similar geographic region as current health impacts from coal-fired
generation.

weAD N R 1
B o280 41

4.0 @3
wod Ot em-20. 188
PepOmas-Ln 9t
w0 e B 1w
RIS R 14
=2 10 202

>0 21005 3
Ditterence in Dally PRWIZE Desfgn Valyes s
2014 Remady - 2014 Base Case =05

Source: EPA, 2010.

In addition to reducing premature deaths, estimated by EPA to be as high as 36,000
annually, the Transport Rule will also reduce non-fatal illnesses, particularly respiratory and
cardiovascular conditions. The EPA estimated that the Transport Rule would reduce over 10
million of these non-fatal illnesses annually. These conditions include chronic and acute
bronchitis, non-fatal heart attacks, asthma exacerbations, and other upper and lower respiratory
symptoms.’® While the sheer number of avoided respiratory and cardiovascular conditions would
be far greater than the number of avoided premature deaths, the estimated benefit from avoiding

* These states have the highest mortality rates from coal-fired power generation as estimated by Abt
Associates. Clean Air Task Force, “The Toll from Coal, An Updated Assessment of Death and Disease from
America’s Dirtiest Energy Source,” September 2010.

O EPA, June 2010, pp. 4-5.
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one of these incidents is dramatically smaller than the benefit of a single avoided death. As a
result, estimated morbidity benefits account for 4 to 20 percent of total benefits, as opposed to 80 to
96 percent for reduced mortality.”’ However, as illustrated in Table 3, estimates of the morbidity
benefits will tend to understate the economic benefit of reducing illnesses to the extent they rely
upon “cost-of-illness” methods that only capture reductions in health care expenditures and/or
improvements in worker productivity, but do not capture improvements in well-being, such as the
value of avoiding pain, discomfort, and other negative effects.

Table 3
Categories of Benefits Estimated in EPA’s Transport Rule RIA

Resource Saving
(e.g., reduced health
Examples of Health and Other Effects Estimated care costs, improved

Benefit Category Use Alternative Approaches worker productivity)
Health Mortality | Premature ness-to-P: . .

Morbidity | Chronic Bronchitis

Non-fatal Heart Attacks
Morbidity | Hospital Admissions (respiratory, cardiovascular)
Acute Bronchitis

Amenity | Visibility | National Parks & Monuments

Health improvements not only enhance people’s quality of life, but also lead to resource
cost savings, through reductions in health care expenditures and greater work-productivity. As
shown in Table 3, one estimate of the magnitude of these benefits is the sum of the individual
benefits estimated using a cost-of-illness approach — $3.7 billion annually, based on EPA
analysis.”” Similarly, Cicchetti estimates that the Transport Rule would provide benefits (avoided
lost income) of $5.92 billion annually due to reductions in lost workdays and health insurance
costs.”> However, as shown in Table 3, these estimates do not include resource savings from the
reductions in mortality, chronic bronchitis and other conditions evaluated through willingness-to-
pay methods, since these methods do not allow any resources savings to be distinguished from
improvements in well-being. As such, any estimate of resource savings that excludes these values
would tend to understate the true magnitude of these savings.

B. Costs

Achieving improvements in air quality under the Transport Rule requires directing
resources — capital, labor, and materials — to actions that lower electric sector emissions, while still
ensuring the continued reliability of electricity supply — that is, ensuring that there are sufficient
generation and demand-response resources to meet customer’s loads at all times.

! EPA estimates that the Transport Rule would create annual benefits of about $8.3 billion from reduced
morbidity, while Palmer ef al. estimate that CAIR, which the Transport Rule will replace, has morbidity
benefits of $3.4 billion in 2010 and $4.9 billion in 2020. These estimates reflect benefits associated with
ozone and PM,;, but do not include benefits from reductions in coal-related mercury emissions that likely
arise as an ancillary benefit of reduced SO, emissions.

** Cicchetti, Charles, “Expensive Neighbors: The Hidden Cost of Harmful Pollution to Downwind Employers
and Business,” 2010, p. 37.
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1. Reducing Emissions from Energy Production

The electric sector can achieve NOx and SO, emissions reductions through a variety of
approaches, including expanded utilization of existing pollution-control equipment,”* switching to
coal with lower sulfur content,” installation of new pollution-control equipment, and switching to
more efficient and/or lower-emitting generation sources. Most analyses find that each of these
approaches would contribute in varying degrees to reducing SO, and NOx emissions under the
Transport Rule. However, estimates of the extent to which each of these alternatives would be
used, and the associated costs of compliance, depend upon many assumptions, such as the cost of
pollution control retrofit, the opportunity for higher utilization of existing pollution controls,
constraints on further switching to lower sulfur coals, and the relative cost of alternatives to coal-
fired power.

Many different post-combustion technologies are available to reduce emissions, with costs
and effectiveness varying across these alternatives. Selective Catalytic Reduction (SCR) and
Selective Non-Catalytic Reduction, which target NOx emissions, and wet and dry Flue Gas
Desulfurization (FGD), which target SO, emissions, are the most likely compliance alternatives to
be deployed under the Transport Rule. Alternative technology options for smaller coal plants,
however, such as dry sorbent injection (DSI) for SO, control, offer lower capital costs, and shorter
construction times, and show promise for Transport Rule compliance.’® Notably as well, to comply
with other CAA regulations or state requirements, many coal-fired power generation facilities are
already equipped with pollution-control equipment. Table 4 below shows that 70 percent of coal-
fired generation capacity has NOx or SO, controls.

Table 4
Existing National Generation Infrastructure
Percentof Total Percentof

ExistingPowerGenerationCapacity Capacity (GW) Installed _Capacity Coal-firedCapacit
Total Installed Capacity 1,122
Total Coal-fired Generation Capacity 341 30%

No control 103 9% 30%

FGD only 65 6% 19%

SCRonly 58 5% 17%

FGD & SCR 115 10% 34%

Note: Coal-fired capacity figures reflect both existing and planned pollution controls.
Source: Credit Suisse, “Growth from Subtraction,” September 23, 2010; Energy Information Administration,
Electric Power Annual, January 4, 2011.

Installing new pollution controls involves a variety of costs, including labor to install and
operate equipment, material inputs to equipment operation and construction, and capital to finance

3 For example, EPA finds that, under the Transport Rule, an additional 40 GW of coal-fired facilities will
choose to operate their FGD scrubbers year-round rather than for only a portion of the year, while year-round
operation of SCR for NOx control will rise by 51 GW. U.S. EPA, Regulatory Impact Analysis for the
Proposed Federal Transport Rule, Docket ID No. EPA-HQ-OAR-2009-0491, June 2010, p. 258-259.

%% The scope for further emission reductions from fuel switching is uncertain. Opportunities for significant
cost savings may have largely been exhausted in complying with prior regulations.

3% These also include low NOx burners for NOx control.
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investments. In addition, operating pollution control raises the cost of producing power.”” EPA
estimates that 32.8 GW of FGD and 2.4 GW of SCR would be installed by 2020 to meet Transport
Rule requirements (relative to a baseline without CAIR).*®

Although potentially large in absolute terms, pollution control capital expenditures to
comply with the Transport Rule would comprise a relatively small fraction of the aggregate capital
expenditures anticipated in the coming decades as the industry enters into a new “investment
cycle” to modernize grid infrastructure, address declining reserve margins, and adapt to enhanced
environmental objectives. Awareness of the growing need for substantial capital investment is not
new. For example, a 2008 study found that the electricity industry needs $1.5 trillion in new
investment over the next two decades to replace and modernize aging infrastructure and meet
growing demand.” By contrast, based on EPA estimates, capital expenditures needed to comply

with the Transport Rule could range from $10 to $30 billion.*’

In fact, pollution control investment made to comply with CAIR and pre-existing
regulatory requirements, such as New Source Review settlements and state environmental policies,
help reduce new investment needed to comply with the Transport Rule in coming years. For
example, to comply with Phase I of CAIR and other requirements, between 2007 and 2009, plant
owners installed FGDs on 57 GW of coal-fired generation and SCRs on 31 GW.*' Regulatory
requirements are also driving planned retrofits in future years. For example, one study reports that
planned installations of 20 GW of FGD and 10 GW of SCR and SNCR between 2012 and 2015.*

Switching from coal to lower emitting fuels and alternative technologies can also reduce
SO, and NO, emissions.® If the relative cost of these lower emission alternative sources of

37 For example, operating costs can increase due to labor requirements for pollution control equipment,
materials costs (for example, sorbents injected into plant exhaust), environmental management costs (for
example, waste disposal), and “parasitic” load that reduces a plant’s effective output.

¥ EPA, IPM v.4.10 Model Runs, September 1, 2010, “TR Base Case v.4.10”, and “TR SB Limited Trading
v.4.10). Other studies, such as Credit Suisse (2010) and CRA (2010), have analyzed the effect of
combinations of different EPA rules, but do not analyze the Transport Rule in isolation. NERC does not
report estimated retrofits. North American Electric Reliability Corporation (NERC), “2010 Special
Reliability Scenario Assessment: Resource Adequacy Impacts of Potential U.S. Environmental Regulations,”
Princeton, N.J., October 2010; Credit Suisse, “Growth from Subtraction,” Equity Research, September 23,
2010; Charles River Associates (CRA), “The Reliability Implications of EPA’s Proposed Transport Rule and
Forthcoming Utility MACT,” December 16, 2010;

3 Chupka, Mark, et al., “Transforming America’s Power Industry: The Investment Challenge 2010-2030,”
prepared for the Edison Foundation, November 2008.

*% This estimate reflects EPA estimates of retrofit quantities and costs. EPA estimates of retrofits needed to
comply with the Transport Rule (relative to a pre-CAIR baseline) at 32.8 GW of FGD and 2.4 GW of SCR
retrofits. Capital cost estimates for pollution control vary depending upon many factors in EPA’s IPM
model. Our estimate assumes a range of unit costs: $385 to $817 per kW for FGD, and $147 to $258 per kW
for SCR as reported in “illustrative” examples provided in IPM documentation. EPA, “Documentation for
EPA Base Case v.4.10, Using the Integrated Planning Model,” Office of Air and Radiation, August 2010,
Tables 5-4 and 5-8.

I EPA, NEEDS v.4.10 Database.
2 Credit Suisse, 2010, Exhibit 46.

3 If Transport Rule investments and responses increase electricity prices, consumers may reduce their energy
use. Like substitutions in the electricity supply, these adjustments potentially lower the social cost of
complying with new requirements.
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electricity is favorable, substituting them for coal-fired generation can cost-effectively reduce
emissions.**

Figure 3
Coal and Natural Gas 2011 Futures Prices and Coal-Gas Generation Cost Spread
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Notes: Prices are for April 2011 delivery. The Coal-Gas Generation Cost Spread is the difference between
the fuel costs needed to generate 1 MWh of power based on EIA heat rates (for new capacity) of 9,200
Btu/kWh for coal and 6,974 Btuw/kWh for combined cycle gas.

Sources: SNL Financial - NYMEX Coal Futures, and NYMEX Henry Hub Futures, December 1, 2010.

Recent market trends and technology developments have substantially lowered the cost of
transitioning from coal-fired generation to alternative power sources. In particular, technological
advances in natural gas extraction have greatly expanded economically viable supplies from
unconventional sources, including shale deposits, tight sands, and coal-bed methane.”” Meanwhile,
coal prices have gradually risen over the past decade.” As a consequence of these fuel price
trends, and as shown in Figure 3, the gap between coal and gas prices has shrunk in recent years,
which has made natural gas facilities increasingly competitive with coal-fired facilities.”” Given
these changing fuel price economics and evolving EPA regulations, some less efficient coal-fired

* For example, if a coal-fired facility generates power at $35 per MWH before installing and operating
pollution-control equipment, and at $40 per MWh with pollution control, the compliance cost would be $5
per MWh. However, if the cost of a combined cycle natural gas facility is $37 per MWh, then increasing
output from this plant and decreasing output from the coal plant can save $3 per MWh.

*> Actual supplies will depend upon many factors, including EPA regulations of natural gas extraction. MIT
Energy Initiative, The Future of Natural Gas, An Interdisciplinary MIT Study, Interim Report, 2010.

¢ For example, average coal prices rose 86 percent from 2000 to 2008. EIA, Annual Coal Reports.

" The competitiveness of particular plants will depend on many specifics, including fuel delivery costs
(which are not reflected in Figure 1), plant-specific heat rates, and other operations costs, including pollution
control equipment operation.
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facilities have already chosen to retire even before full implementation of the Transport Rule.*®
Thus, increasing availability of low-cost natural gas can not only help lower the Transport Rule’s
compliance costs, but can also directly influence coal plant retirement decisions.

2. Maintaining Reliability

The electric industry has a responsibility to provide customers with reliable electric service
at all times. To ensure that customers’ loads can be met at all hours of the day, utilities must
maintain sufficient resources (with appropriate operating characteristics) to meet anticipated peak
clectricity demands. These resources can include both physical generation capacity and demand
response resources.

To account for load growth and retirement of older facilities, in most regions, new
generation capacity must be added over time. If new regulatory requirements reduce available
installed generation capacity, new resources will have to be added sooner, thereby increasing the
discounted cost of maintaining sufficient capacity. Replacing lost resources traditionally required
construction of new generation facilities. However, alternative options, particularly demand
response, are now available and often cost-effective, and have been widely deployed to help grid
operators ensure customer’s loads are met without interruption.*

Given the combined effect of expanded supplies of low priced natural gas, new air
regulations and other factors (e.g., aging facilities), some facilities may retire instead of installing
and operating pollution-control equipment, thus reducing available generation capacity. Such a
retirement decision may be economically rational if the likely future revenues in the electricity
market would provide insufficient return on capital investments in the new equipment. New
regulatory requirements could also reduce generation capacity if installing new pollution control
equipment reduces a facility’s net output (a “derating”).”

These retirements and deratings do not themselves impose an economic cost; an economic
cost is incurred when the lost capacity needs to be replaced ecarlier than would otherwise be
necessary. Consequently, for regions with more resources than are needed to maintain reliability,
the cost associated with retired capacity could be deferred for many years into the future. NERC
estimates of generation capacity reductions under the Transport Rule, reflecting both potential
facility retirement and de-ratings due to pollution-control equipment, suggest that EPA’s preferred
regulatory approach would lead to less than a three percent reduction in the nation’s 341 GW of
coal-fired capacity.” Furthermore, in many regions with excess capacity (i.e., more resources than
needed to maintain reliability), the economic cost of replacing this lost capacity may be deferred
for many years. For example, NERC finds that less than 10 percent of total projected reduced

*® Tierney ef al. report that various utilities have recently announced the retirement of 4.9 GW of coal-fired
power generation. Tierney, Susan, Michael J. Bradley, et al., “Ensuring a Clean, Modern Electric Generating
Fleet while Maintaining Electric System Reliability,” August 2010. Similarly, the most recent State of the
Market Report from PJM’s Independent Market Monitor identified over 11 GW of coal-fired power units at
risk for retirements because they “did not recover avoidable costs even with capacity revenues.” PIM, State
of the Market Report, Vol. 1, March 11, 2010.

* Demand response includes many mechanisms by which customers decrease their electricity use in response
to price or other signals. In recent years, demand response has grown in nearly all regions as system
operators have targeted this resource through new programs and markets. ISO/RTO Council, “2009 State of
the Markets Report,” 2009.

% For example, the power demands of pollution control equipment can reduce a facility’s effective capacity.
*INERC, 2010.
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capacity (0.25 GW of 2.9 GW) would occur in regions that will be below their reserve margins in
2015.” This would mean that only 250 MW of new capacity would need to be installed between
now and 2015 to maintain reliability as a consequence of the Transport Rule.

Moreover, the quantities of reduced capacity contemplated in these analyses are small
compared to capacity expansions achieved in prior periods. For example, over the five-year period
between 1999 and 2004, 177 GW of new capacity was installed in the U.S., more than 60 times

NERC’s Tmngpgﬁ Rule retirement forecast>"

To ensure that reliability can be maintained as regions meet Transport Rule emission
targets, planning and market mechanisms exist to develop sufficient resources in a timely and
efficient manner to meet customer loads. For example, in many restructured regional electricity
markets, utilities are required to obtain sufficient long term capacity obligations to meet their
customers’ loads. Capacity markets, such as PJM’s Reliability Pricing Model and ISO New
England’s Forward Capacity Market, provide a mechanism for utilities to procure commitments
from existing and new resources to meet their customers’ needs. Both PJM’s and ISO New
England’s capacity markets create incentives for new entry up to three years in advance of actual
need.

Within traditionally regulated markets, to fulfill their legal obligation to serve their
customers reliably, vertically-integrated utilities undertake long-range resource planning. Their
cfforts to develop new generation and demand resources are complemented by grid operators’
regional planning, which is designed to identify and undertake transmission investments that
mitigate reliability concerns, including those that may arise due to generation retirements.

In addition to these long-term market and regulatory mechanisms, various backstop
mechanisms exist to maintain reliability should local or regional reliability concerns arise. In
particular, Federal agencies and grid operators can prevent particular generation facilities from
retiring if their retirement would create reliability concerns, particularly in localized areas. >*

C. Aggregation of Costs and Benefits and General Equilibrium Effects

Calculating the net benefits of the Transport Rule is, in principle, a straightforward
exercise of comparing the estimated benefits with the estimated costs. As shown in Table 2,
estimates of the annual cost of the Transport Rule or the CAIR range from $2.4 to $7.1 billion.”
Other studies analyzing the electric industry impacts of the Transport Rule individually or as one of
many regulations often do not develop estimates of a key issue before policymakers — the Transport
Rule’s social costs. To the extent that industry impacts from these studies differ from those
estimated by EPA, social costs estimates may similarly differ.”® By comparison, estimates of
Transport Rule or CAIR benefits range from $20 to $309 billion annually (in $2009) — a significant

2 NERC, 2010.
% CRA, 2010; NERC, 2010.
>* See Tierney et al., 2010, p. 22-23.

5 Many factors contribute to differences in estimates across studies, including differences in Transport Rule
and CAIR emission targets. Because cost estimates in Palmer et al. also reflect compliance with a national
cap on mercury emissions, they likely reflect costs unrelated to CAIR compliance and thus would tend to
over-state the cost of complying with CAIR alone.

%% For example, see NERC, 2010.
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multiple of the corresponding cost estimates.”” Thus, studies to date have concluded that the
Transport Rule’s benefits far exceed its costs. In fact, estimated Transport Rule costs are lower
than estimated benefits even under more conservative assumptions about mortality impacts, as
shown in Table 2, column [i].

Estimates of the national benefits and costs of any regulation, as shown in Table 2 for the
Transport Rule, may not fully reflect regional differences in a policy’s net benefits. Although the
benefits of the Transport Rule will be spread across all eastern states (as shown in Figures 1 and 2),
the costs are likely to be borne disproportionately in states relying heavily upon coal-fired power
generation. Because of the potential for such regional differences, it is important to consider a

policy’s distributional consequences, as well as the aggregate benefits and costs it creates.

D. Timing of Regulatory Requirements

Determining the appropriate timing of new regulatory requirements requires an assessment
of the economic tradeoffs among alternative compliance dates. Delaying the implementation of
new regulatory requirements defers both the benefits created and the costs imposed. If compliance
costs were independent of the timing of regulatory requirements (and if aggregate benefits exceed
aggregate costs), then delaying the regulation only delays the society’s enjoyment of the
regulations’ net benefits. By contrast, regulations implemented too quickly can raise the industry’s
transition costs by, for example, elevating equipment prices, creating labor shortages, requiring
more costly, less efficient resources to meet near-term requirements, and temporarily reducing
reliability.

However, appreciable transition costs from the Transport Rule appear easily avoidable
given the anticipated quantity of pollution control retrofits estimated by EPA to comply with the
Transport Rule’s requirements, the limited quantity of coal-fired capacity expected to retire as a
consequence of the Transport Rule, and excess capacity in many regions.” EPA’s assessment
indicates that compliance with the Transport Rule’s Phase 1 2012 requirements would require
limited, if any, incremental investment in pollution control.” While compliance with the Transport
Rule’s Phase 2 2014 requirements will necessitate installing some incremental pollution controls,
the total quantity of retrofits anticipated through 2014, after reflecting already announced retrofits
and retrofits needed to comply with the Transport Rule, appears to be no greater than the amounts

7 All studies evaluated consider the Transport Rule’s direct economic impacts. However, the Transport Rule
could have broader economic impacts as the changes in prices arising from the compliance costs in the
electricity sector, reduced costs in the health care sector, and other effects ripple throughout the economy.
Given these potential effects, EPA’s Transport Rule analysis also considers social costs within a general
equilibrium framework, although these estimates only reflect changes in energy prices and not other price
changes (e.g., health care).

%8 For example, Tierney et al. report that the national average utilization of natural gas combined-cycle
capacity units was 33 percent in 2008, compared to 56 percent for coal-fired units, with a maximum regional
utilization of 42 percent among Transport Rule regions. Tierney et al,, 2010, Table 4.

? EPA says that 2012 requirements are set to allow compliance through operation of existing scrubbers at
full efficiency and through use of lower sulfur coal. FR Vol. 75, No. 147, August 2, 2010, p. 45281.
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of equipment installed in recent years.”® Morcover, as noted earlier, the industry has already
undertaken retrofits to comply with CAIR and other regulatory requirements even as EPA
developed the Transport Rule. Thus, it appears unlikely the 2014 requirements would lead to
appreciable transition costs driven by the need either to install new pollution control equipment or
to replace retired generation capacity.

E. Accuracy of Estimates of Benefits and Costs

Economic analysis of any major proposed regulation faces the tremendous challenges of
forecasting the responses of industry and consumers to new regulatory requirements, the prices of
basic resources (fuel, labor, and capital) in future time periods, and the value of future resource
savings in, for example, health care.®’ Given these uncertainties, it is not surprising that ex ante
estimates benefits and costs frequently differ from the actual benefits and costs arising during
implementation. A systematic study of 25 environmental regulations in the US and abroad found
that estimates of the costs of new regulations developed in ex ante economic analyses of proposed
regulations have tended to overstate costs.”

Any tendency to overstate costs has been driven, in large part, by the emergence of new,
unanticipated technologies that lowered compliance costs, particularly for regulations that provide
compliance flexibility, including the use of economic incentives or market-based mechanisms. By
providing compliance flexibility, regulation can create incentives to develop less costly compliance
solutions, since regulated entities can capture the savings from using these more cost-effective
technologies. For example, allowing coal-fired generation facilities flexibility in achieving SO,
reductions under the Title IV SO, cap-and-trade system prompted scrubber and fuel switching
innovations, resulting in SO, compliance costs significantly below original estimates.” The
potential for DSI to contribute to Transport Rule compliance illustrates how technology choices for
SO, reduction continue to evolve even today.

% As noted carlier, from 2007 to 2009, 57 GW of FGD and 31 GW of SCR were installed. EPA, NEEDS
v.4.10 database. The pollution control industry appears able to expand its capabilities and labor supply to
some degree when there is sufficient demand. For example, Staudt finds that actual installation of pollution
control exceeded EPA’s assessment of industry capability performed during the CAIR rule-making. Staudt,
James. E., “Availability of Resources for Clean Air Projects,” Andover Technology Partners, October 1,
2010.

%' Accounting for these uncertainties is an important part of a well-developed benefit-cost analysis. OMB
guidelines during the George W. Bush administration called for explicit analysis of uncertainty (e.g., Monte
Carlo analysis) for important regulations. See, Jaffe, Judson and Robert Stavins, “On the Value of Formal
Assessment of Uncertainty in Regulatory Analysis,” Regulation and Governance 1(2007): 154-171.

%2 Harrington, Winston, Richard D. Morgenstern, and Peter Nelson, “On the Accuracy of Regulatory Cost
Estimates,” Resources for the Future Discussion Paper 99-18, January 1999. OMB performed a similar
analysis, finding that ... U.S. Federal agencies tend to overestimate both benefits and costs, but they have a
significantly greater tendency to overestimate benefits than costs.” Office of Information and Regulatory
Affairs, “Validating Regulatory Analysis: 2005 Report to Congress on the Costs and Benefits of Federal
Regulations and Unfunded Mandates on State, Local, and Tribal Entities”, OMB, 2005.

 For example, see, Ellerman, A. Denny, Paul L. Joskow, Richard Schmalensee, Juan-Pablo Montero, and
Elizabeth M. Bailey, Markets for Clean Air: The U.S. Acid Rain Program, New York: Cambridge University
Press, 2000; Carlson, Curtis, et al., “Sulfur Dioxide Control by Electric Utilities: What Are the Gains from
Trade?,” Journal of Political Economy 108(6): 1292-1326.
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Although the Transport Rule limits interstate emission trading, it nonetheless continues to
provide electricity generators with significant flexibility in SO, and NOx compliance. Thus, by its
design, the Transport Rule provides incentives for technological innovation that potentially reduce
costs below initial estimates.

IV. Distributional Economic Impacts

Along with the aggregate benefits and costs of a proposed regulation, the regulation’s
likely economic impact on various groups and locations is an important concern for policy makers,
as well as for the affected stakeholders. For the Transport Rule, key impacts include local and
regional changes in electricity rates and employment — and in economic growth more generally.
Given the great interest in reducing unemployment in the current recession, employment and
economic growth are critical to policy discussions.

Understanding the implications of changes in electricity rates, jobs, or other economic
factors requires recognition that these changes have different consequences for different
participants in the economy. Electric rate increases are generally negative for energy consumers,
whether households or businesses, but may be essential for energy companies to recover some of
the costs of new regulations. Likewise, increased job opportunities are good for workers,
particularly in times when unemployment is high and wages are stagnant.

A. Impacts on Electricity Rates

By spurring new investment and raising the costs of producing electricity, new
environmental regulations can increase retail electricity rates. However, the size of any rate
increases will depend upon many factors, including the stringency of new requirements, the costs
of available alternative compliance approaches, and the fuel mix in and structure of the markets.
Because of the complexity of these interrelated factors, and the importance of details specific to
individual regulations and regions, it is very difficult to generalize about how new environmental
regulations will affect electricity rates.

While many of the Transport Rule’s emission reduction costs will be passed through to
customers in the form of higher electricity rates, the actual changes in rates will depend upon two
key factors. First, the impacts will depend upon the market and industry structure that serves each
customer. Industry restructuring over the past decade has resulted in a patchwork of market and
regulatory structures that will produce different outcomes for different consumers. At one extreme,
vertically integrated utilities regulated under the traditional cost-of-service regime, which own
about three-quarters of coal-fired capacity, will typically be able to pass through all prudently
incurred investments and operating costs into their retail rates over an extended period of time.**
However, the need for such new investment will depend on many factors, including alternatives to
retrofitting existing generation or building new generation, such as purchasing replacement power
on wholesale markets. Thus, customers served by these utilities are likely to bear the full cost of
compliance through rate increases. By contrast, owners of merchant power facilities, whose prices

% Credit Suisse, p. 25.
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are determined in competitive wholesale markets rather than regulated on a cost-of-service basis,
will find it more difficult to pass through the costs of regulatory compliance.”

The second key factor affecting rate impacts is geography. Because electricity is not a
commodity that is easily stored or transported long distances, the costs and resulting rates to
customers also depend greatly on the character of the regional system used to serve each customer.
Under the Transport Rule, regional variation in rate impacts may arise because of differences in
reliance on coal-fired power genemﬁrm’ the extent to which cxisting facilities have already

invested in pollution-control equipment, and the stringency of state emission budgets.

While rate increases are likely to be greatest in the states most reliant upon coal-fired
generation, these states now typically enjoy among the lowest electricity prices in the country. As
shown in Figure 4, EPA estimates of rate impacts from the Transport Rule, which vary from 0% to
5% of existing rates across the 10 regions analyzed by EPA, tend to be greatest in the regions that
currently enjoy the lowest electricity rates.

Figure 4
EPA Estimates of Regional Electricity Rates With and Without the Transport Rule (TR)
(Average Rate without TR / Average Rate with TR / Percent Change) (Rates in $ per MWh)
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Source: EPA, 2010.

Recent downward trends in wholesale market prices may also help mitigate any Transport
Rule rate impacts. Driven in large part by lower natural gas prices and lower demand, wholesale
energy prices have fallen recently. For example, load-weighted energy prices in PJM were 45
percent lower in 2009 than in 2008, and remained 31 percent below 2008 averages through the first

% The wholesale markets into which these facilities sell their power have no direct mechanism to allow
recovery of investments in pollution-control equipment. Further, the cost of operating equipment can only be
recovered to the extent that wholesale prices rise to cover new variable costs. However, such price increases
will only occur if the marginal price-setting units in wholesale markets are affected by new regulations.
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three quarters of 2010.°° While economic recovery will put upward pressure on wholesale prices,
most analysts agree that sustained low natural gas prices are likely to continue to place downward
pressure on utility rates for many years. In addition, in regions where coal-fired generation does
not set the market price, these declining prices serve as another indicator of the opportunity offered
by low-cost natural gas supplies and other power sources to lower the cost of achieving emission
reductions.

have adverse consequences for r households hv increasino the

iid da onsegquence Cddiilpy

Changes in energy prices can
share of household budgets that must be devoted to electnc utility bills. Thes hanges in rates can
be potentially regressive since low-income houscholds typically spend a larger share of their
incomes on electricity.67 However, even for the lowest income houscholds, electricity bills
represent on average less than 5 percent of all household expenditures. In addition, many utilities
provide programs that subsidize the electricity rates offered to those in the lowest income brackets
and can thus shelter particularly vulnerable families from any rate impacts of new regulations.
Moreover, as shown in Figure 5, while electricity prices have been rising in recent years, the real,

inflation-adjusted cost of electricity is still lower than in the early 1980s.

Figure 5§
Real and Nominal Electricity Prices, National Average
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Note: Inflation-adjusted, real dollar estimates are adjusted based upon the GDP price deflator.
Source: Bureau of Economic Analysis.

Increases in electricity rates also potentially have an adverse effect on businesses by raising
their costs of production. Because the Transport Rule affects only electric generating units, any

% Monitoring Analytics, 2009 State of the Market Report for PJM, Volume 1, March 11, 2010; Monitoring
Analytics, O3 2010 State of the Market Report for PJM, November 15, 2010.

7 In 2009, expenditures on electricity were on average 2.8 percent of total household expenditures and 4.2
percent of total expenditures for households with after-tax incomes less than $15,000. Consumer
Expenditure Survey, U.S. Bureau of Labor Statistics, October, 2010.
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new costs would arise only for businesses that rely heavily on electricity. Moreover, as we discuss
below, these rate impacts are only one of many potential ways that new regulations may affect a
region’s level of economic activity (and jobs). Finally, only small rate impacts are anticipated from
the Transport Rule, and these could be partially or more than fully offset by other drivers of
regional economic change, including relaxation of regulatory requirements in many noncompliance
regions.

B. Economic Growth and Employment

With today’s high unemployment rates and sluggish economic recovery, policymakers and
the public are particularly interested in the job effects of new environmental regulations. Will new
regulations create or destroy jobs? Where and in what sectors?

In good economic times, when the workforce is fully or almost fully employed, using labor
to meet new regulatory requirements both raises the costs of regulated goods and means that fewer
workers are available to do other productive things in the economy. By diverting scarce labor
resources away from other activities, the use of labor thus imposes an opportunity cost on society,
which should be considered alongside the capital costs of pollution reduction.

However, in difficult economic times, such as today’s, when unemployment is high, some
workers used to meet new regulatory requirements may have otherwise been unemployed or
underemployed. Thus, using their labor to implement the regulation imposes lower costs on
society. Moreover, through indirect effects, environmental regulation may spur economic activity
and job growth in sectors not directly affected by the regulation, but which provide goods and
services for those sectors.

The mechanisms that drive job impacts reflect the various economic adjustments made in
response to the new regulations. Direct responses to regulation will lead to short-term job gains
from the manufacture and installation of new pollution control equipment to comply with the
regulation. In the long run, adjustments in employment will depend upon how the power sector
industry adjusts to the new regulatory requirements, as well as the indirect upstream and
downstream effects of those adjustments on the rest of the economy. These direct and indirect
impacts can vary in their magnitude over time, and across regions and sectors.

The particular nature of the regulation can also affect employment impacts. Since
environmental improvements are often achieved through regulations on multiple entities in
multiple locations, more stringent regulations in one location potentially may relax regulatory
requirements on other entities in other locations. For example, by reducing emissions from upwind
sources, and helping downwind regions attain NAAQS compliance, the Transport Rule may relax
regulatory requirements on sources in those downwind regions.

Moreover, because these various adjustments can lead to many offsetting direct and
indirect effects, which can vary across regions and sectors, determining the net employment effect
is challenging. Consequently, estimates of partial or localized employment effects can paint an
inaccurate picture of net employment impacts if not properly placed in a broader economic context.

Employment impacts from the Transport Rule are also likely to vary significantly over
time. In the short run, compliance with the Transport Rule will likely lead to short-term job gains
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arising from the design, manufacture and installation of pollution controls.*® Various estimates of
the employment impacts associated with infrastructure installation suggest that these impacts could
be significant with a large share of these immediate job gains occurring in regions where new
equipment is installed. Moreover, while these job impacts would be temporary, they could also
stimulate the broader economy and employment.

Figure 6
Hlustrative Employment Impacts of the Transport Rule
Short-term:

Employment rises with installation of new pollution
control equipment

Long-term:
Employment may be higher or lower than baseline
employment depending on net effectof multiple factors:
®Final employment at energy facilities (reflecting
pollution control retrofits, retirements and new capacity)
@Final employment in fuel supply sectors (coal, gas)
@®Aggregate employment changes due energy or health
care price effects

Employment

Baseline
Employment

< >

Deployment of NewPollution
Control Equipment to Comply
with the Transport Rule

Time

Note: The figure provides a stylized depiction of Transport Rule employment impacts and does not reflect a
quantitative assessment, such that the relative magnitude of depicted impacts reflects likely impacts.

While employment is likely to rise in the short run, in the long run, employment could
either increase or decrease depending on direct changes in electricity generation, indirect effects as
these changes ripple through the economy, and the relaxation of regulatory requirements as
downwind regions come into NAAQS compliance. These impacts would also vary significantly
across regions. In upwind regions subject to the Transport Rule, while some employment may be
lost as a consequence of coal-fired generation retirements, these losses will be offset — at least
partially and potentially more than fully — by employment gains from operating pollution control
equipment and staffing the new generation facilities needed to replace any retired capacity.

% The installation of pollution-control technology may require a substantial amount of labor relative to the
number of employees otherwise working at a power plant. For example, one study estimates that the
manufacture and installation of FGD creates employment of 848-1,001 annual full-time equivalents
(Industrial Economics, 2010). Assuming two years to install the unit, this means about 400 to 500 jobs.
This same study estimates that 103 permanent workers are needed to operate and maintain this equipment.
By contrast, the National Commission on Energy Policy found that 1 GW of coal-fired capacity requires 100
to 300 employees. See Price, Jason ef al., “Employment Impacts Associated with the Manufacture,
Installation, and Operation of Scrubbers,” Industrial Economics Memorandum, January 15, 2010; National
Commission on Energy Policy’s Task Force on America’s Future Energy Jobs, Final Report.
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In “downwind” regions, employment may rise as the Transport Rule brings these regions
into attainment with NAAQS, thus allowing them to relax the more stringent emission standards
imposed on non-attainment regions.” For example, new stationary sources in noncompliance
regions must meet standards based on the Lowest Achievable Emission Rate (LAER), which are
more stringent than the alternative Best Available Control Technology (BACT) standards. In
addition, new sources in nonattainment regions must offset all (or even more than all) emissions
through the purchase of emission offsets. The aggregate and cumulative effect of these more
stringent requirements can be significant.”’

In addition to relaxing existing requirements in noncompliance regions, the Transport Rule
can also avoid the need to impose further requirements in these regions to help bring them into
compliance. Moreover, the costs of achieving emission reductions through the Transport Rule are
generally less costly than alternatives measures targeting non-electricity in-state sources. For
example, EPA notes that the cost of SO, reductions by non-electricity sources ranges from $2,270
to $16,000 per ton of SO,, compared to a maximum of $2,000 per ton for upwind electricity
sources.”! These differences in the cost-effectiveness of alternative means of reducing emissions
not only have distributional consequences across regions, but also have consequences for aggregate
national costs of bringing all regions into compliance with air quality standards.”

In addition to these direct effects on upwind and downwind regions, the Transport Rule
could lead to job impacts through the price effects identified in earlier sections. For example, the
Transport Rule would likely raise prices for electricity (particularly in regions heavily reliant on
coal), and lower prices for health insurance by varying degrees across eastern states. The net
impact of these adjustments on any given state is unclear, may vary across industries depending on
the intensity of their electricity use, but is likely to be limited given the small price changes
anticipated as a consequence of the Transport Rule.

V. Conclusion

As EPA undertakes the series of rulemakings affecting the electric utility sector, we believe
the public interest requires that the Agency carefully assess all of the regulations’ economic
impacts — both in aggregate and across sectors and regions.

This paper provides a guide to understanding the appropriate analytical framework for
considering these impacts, and a lens to assess the economic consequences of the Transport Rule.
Through our limited examination of studies assessing various anticipated effects of the Transport
Rule, we highlight several important points:

© See, Cicchetti, 2010, pp. 33-35.

7 Greenstone estimates that counties out of attainment with the CAA lost approximately 590,000 jobs and
$127 billion ($2009) in output over the first 15 years of implementation of the CAA (compared to counties in
compliance with the CAA.) Greenstone, Michael, “The Impacts of Environmental Regulations on Industrial
Activity: Evidence from the 1970 and 1977 Clean Air Act Amendments and the Census of Manufacturers,”
Journal of Political Economy 100(6). See, also Becker, Randy and Vernon Henderson, “Effects of Air
Quality Regulations on Polluting Industries,” Journal of Political Economy 108(2):379-421.

"'F.R. Vol. 75, No. 147, p., 45281.

2 Any conclusions about cost-cffectiveness of alternative approaches to emission reductions must reflect
differences in the benefits created by reducing emissions from alternative sources given each source’s
specific geographic location and the air transport of emissions to downwind populations.
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1. Existing studies providing estimates of the Transport Rule’s benefits and costs consistently
find that benefits outweigh costs, on a national basis, often by a wide margin.

2. Existing studies’ estimates of the Transport Rule’s health benefits and their conclusions
that the Transport Rule would likely produce positive net benefits appear robust to changes
in several key modeling assumptions.

3. Given electric infrastructure changes forecast by several studies, the proposed timing and
requirements in the Transport Rule appear unlikely to raise the national costs of
implementation significantly.

4. Expanded supplies of low-cost natural gas and currently underutilized labor supply to help
install pollution control equipment may well lower the social cost of the Transport Rule
and mitigate the impact on electric rates.

5. Although designed to address “upwind” states’ power plant pollution impacts on
“downwind” states, this characterization may misrepresent the geographic distribution of
the Transport Rule’s benefits and costs. While the Rule’s economic costs are most likely
to be borne in upwind states relying heavily on coal-fired power, because of reduced
emissions, these states also would likely receive substantial benefits from the Rule, largely
in the form of improved health outcomes.

6. Employment will likely rise in the short run as a consequence of the Transport Rule, due
largely to investment in new pollution controls. In the long run, the net employment
impacts could be either positive or negative, depending upon a number of economic
factors, including potential increases in energy prices, potential declines in health insurance
costs, and changes in labor requirements to operate the electric industry’s infrastructure, as
well as changes in the aggregate level of unemployment.
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Abstract

This paper empirically investigates the role of the EU Emissions Trading Scheme (EU ETS) for firm performance and employment in
Germany. We provide an overview of relative allowance allocation within the EU ETS as well as an econometric analysis for a large
sample of German firms covered by the scheme in order to assess the impacts of EU emissions regulation on both firm revenues and
employment. The dataset indicates that the EU ETS was in an overall long position in 2005, although allowance allocation was very
heterogeneous across member states. Our econometric analysis suggests that, within the first phase of the EU ETS, relative allowance
allocation did not have a significant impact on firm performance and employment of regulated German firms.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In 2005, the European Union Greenhouse Gas Emis-
sions Trading Scheme (EU ETS) was launched (European
Union, 2003). The scheme represents a cornerstone of the
efforts by EU member states to fulfil the emissions
reduction targets under the Kyoto Protocol. This agree-
ment requires European countries to reduce their green-
house gas emissions on average by 8% until 2012
compared with 1990 emissions levels (UNFCCC, 1997).
The EU ETS covers European producers in four sectors,
namely energy (e.g. electric power, oil refinement),
production and processing of ferrous metals, minerals
(e.g. cement, glass), as well as pulp and paper. The ETS
currently covers almost half (46%) of the total CO,
emissions of EU countries. While in the scheme’s first
phase (2005-2007) almost all emission allowances are
grandfathered by means of National Allocation Plans
(NAPs) of each member state and only up to 5% may be
auctioned, in the second phase (2008-2012) the auctioning

ffborresponding author. Tel.: +496211235337, fax: +496211235226.
E-mail addresses: anger@zew.de (N. Anger), oberndorfer@zew.de
(U. Oberndorfer).
"Tel.: +496211235206; fax: +496211235226.

0301-4215/$-see front matter r 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.enpol.2007.09.007

limit rises to 10%. Furthermore, the amending directive
linking the EU ETS with the Kyoto Protocol’s project-
based mechanisms enables EU companies to generate
emissions reductions by means of the Clean Development
Mechanism (CDM) or Joint Implementation (JI) (Eur-
opean Union, 2004).

Since its initiation, the EU ETS has been accompanied
by discussions on potential losses in competitiveness in
international markets of companies that are covered by the
EU ETS legislation.? Against this background, this paper
presents a firstempirical assessment of the effects of the EU
ETS on firm performance, i.e. competitiveness, and
employment. Following Balassa (1962), we define competi-
tiveness as a firm’s ability “to sell on foreign and domestic
markets’ and approximate this ability by firms’ market
revenues. We rely both on real-world data on allocated
allowances and verified emissions for the first trading
period from the EU Community Independent Transaction
Log (European Union, 2007) and on economic firm-level
data from two comprehensive databases.

2For a recent overview on model-based assessments of costs and
competitiveness effects of the EU ETS, see Oberndorfer and Rennings
(2007).
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Previous quantitative studies have assessed the efficiency
aspects and competitiveness implications of the EU ETS
predominantly in numerical modeling frameworks. Boh-
ringer et al. (2005) show that the exclusive coverage of
energy-intensive installations by EU ETS implies that—in
the absence of the potential use of CDM and JI—the
remaining industries have to be regulated by complemen-
tary abatement policies in order to meet the national Kyoto
targets. Such a hybrid emission regulation can cause large
inefficiencies within EU economies, but may also worsen
the prospects of linking the EU ETS to emerging emissions
trading schemes beyond Europe (see Anger, 2007). Unlike
employment aspects of the EU ETS, competitiveness
implications of the current European trading scheme have
been analyzed in numerical model frameworks (Kemfert et
al., 2005; Klepper and Peterson, 2004; Peterson, 2006). The
sectoral competitiveness implications of allowance alloca-
tion under the EU ETS have been assessed both for the
European electricity industry (Neuhoff et al., 2006) and for
the cement sector (Demailly and Quirion, 2006). Enlarging
the purely European perspective, Alexeeva-Talebi and
Anger (2007) assess both the economy-wide and the
sectoral competitiveness effects of linking the EU ETS
internationally to emerging trading systems outside Europe
(such as Japan, Canada or Australia) within an applied
general equilibrium model framework.

The previous empirical literature on emissions regulation
under the EU ETS is rather scant. Analyzing the verified
emissions of the participating installations as well as the
respective allowances allocated, Ellerman and Buchner
(2006) conclude that “‘over-allocation occurred and that its
magnitude may have been as much as 100 million EU
allowances”. Kettner et al. (2007) present similar findings,
suggesting that in the first EU ETS trading year the scheme
was in a long position regarding emissions allowances.
Moreover, to date there is no empirical contribution
available assessing the competitiveness or employment
impacts of emissions allocation under the EU ETS. Our
paper aims at starting to fill this gap. In this respect, the
contribution of this analysis is twofold: Relying on
installation-level aliocation data from the EU Community
Transaction Log in 2005, we (i) descriptively assess the
relative allowance allocation under the EU ETS at the
national level and (ii) econometrically test for competitive-
ness and employment impacts of the EU ETS for a large
sample of German companies.

The present article is structured as follows. Section 2
summarizes the empirical literature. Section 3 discusses the
relative allowance allocation in Europe as well as the data
underlying the empirical analysis for Germany. Section 4
presents the econometric assessment and Section 5
concludes.

2. Literature review

The necessity of environmental regulation is mainly
based on the reasoning that there are social costs of

negative externalities such as pollution. However, strict
environmental regulation is often accused of harming the
competitiveness of the affected sector or firm. Such adverse
economic effects (and especially effects on competitiveness)
of environmental regulation are challenged by the so-called
Porter hypothesis, suggesting that environmental regula-
tion provides incentives for companies to innovate and that
these innovations can stimulate economic growth and
competitiveness of the regulated country (Porter and van
der Linde, 1995).

In the context of competitiveness and employment, an
important characteristic of emissions trading schemes is the
choice of the underlying allocation method. There are
several studies dealing with this issue: Demailly and
Quirion (2007) quantify the impact of the EU ETS on
production and profitability as two dimensions of competi-
tiveness for the iron and steel industry. They find that
competitiveness losses for this sector are small but are
significantly determined by pass-through rates and the
updating of allocation rules. While emissions-based updat-
ing should be avoided as it creates perverse investment
incentives, output-based updating has ambiguous competi-
tiveness effects—softening production losses, but reducing
the likely gains in earnings before interests, taxes, debt and
amortization. Bohringer and Lange (2005) investigate the
trade-off between compensation and economic efficiency
for output- and emissions-based allocation rules in an
international emissions trading scheme. They find that the
output-based rule not only induces substantially lower
efficiency losses than the emissions-based rule, but also
performs better in ameliorating adverse production and
employment effects for energy-intensive industries. Fischer
and Fox (2007) present a welfare analysis of alternative
emissions allocation rules within a domestic US emissions
trading scheme, focusing on sectoral and international
leakage as generated by restricted sectoral coverage of
domestic ETS and unilateral action. They find that, given
domestic and international leakage, output-based alloca-
tion of emissions permits to the covered sectors is
preferable to auctioned permits in welfare terms, even
when allowing for pre-existing tax distortions. Moreover,
grandfathered permits generate the highest welfare costs of
emissions regulation.

Our empirical literature review focuses on competitive-
ness, as the empirical literature on employment effects of
environmental regulation is rather scant. One exception is
Golombek and Raknerud (1997), who empirically assess
the employment effects of imposing environmental stan-
dards on polluting firms. Using Norwegian data they find
that, for two out of three manufacturing sectors, firms
under strict environmental regulations had a higher
tendency to increase employment and a lower tendency
to exit than firms under weak or no environmental
regulation.

Empirical analysis of the effects of environmental
regulation on competitiveness or, more general, economic
performance of firms or sectors is rather rare, 100, as truly
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exogenous measures are often barely accessible. Pickman
(1998), Brunnermeier and Cohen (2003) as well as Jaffe and
Palmer (1997) use US Pollution and Abatement Costs and
Expenditures (PACE) as a proxy of the stringency of
environmental regulation in order to test for the innovation
effects of US industries. However, such costs may depend
on other factors such as the response to regulation, as well
as the right measurement and exact self-report of firmsand
industries. Therefore, it is unclear whether compliance
costs under- or overstate true regulation costs (Brunner-
meier and Cohen, 2003). Pickman (1998) as well as
Brunnermeier and Cohen (2003) find evidence that those
costs positively affect innovation, while the results of Jaffe
and Palmer (1997) do not confirm such causal relationship.
What is more, it is controversial if a positive effect of
environmental regulation on innovation (or even environ-
mental innovation) would imply a positive competitiveness
record of environmental regulation, as e.g. opportunity
costs (e.g. other investment or conventional innovations
that have not been realized due to the burden of regulation
costs) are neglected in such a setting.

Such problems do not arise in event studies on
environmental regulation. Such studies measure the impact
of environmental regulation on stock returns of firms
(possibly) affected. They often only compute short-term
financial market reactions, however. Furthermore, they
hinge on the assumptions of efficient financial markets and
of no anticipation of regulation by the market actors,
which may often be very crucial for the interpretation of
the results computed. Butler and McNertney (1991)
consider the effect of elections, namely the 1982 state-wide
gubernatorial elections in six US states. These states were
identified as those where the election results were uncertain
and expected to affect environmental regulation for energy
utilities. The study shows that in those states in which the
victory of a democratic governor was most unpredictable
significantly negative cumulative abnormal returns arise.
Blacconiere and Northeut (1997) consider the impact of the
US Superfund Amendments and Reauthorization Act
(SARA) of 1986 on stock returns for corporations from
the chemical industry, finding significant negative cumula-
tive abnormal returns only for 17 out of 26 SARA-related
events analyzed. Two more recent studies consider the
effect of the US Clean Air Act Amendments of 1990 on
stock returns for energy utilities (Diltz, 2002; Kahn and
Knittel, 2003). Both studies cannot show sharp financial
market reactions. Oberndorfer and Ziegler (2006) find that
the German phasing out of nuclear energy (similarly to
Butler and McNertney (1991), measured by the victory of
the acting government with participation of the Green
party in the 2002 German Federal Elections) had at least
no general negative short- and mid-horizon effect on the
economic performance of energy corporations. As far as
the EU ETS is concerned, there are not yet empirical
contributions available that measure competitiveness im-
pacts of the introduction of and allocation inside of the
scheme.

All in all, most of the existing studies find only weak
evidence of an effect of environmental regulation on firm
performance. Furthermore, all groups of approaches
tackling the question about performance—competitive-
ness—impacts of environmental regulation have their
idiosyncratic flaws: While innovations do not represent
an ideal competitiveness indicator and the use of com-
pliance costs as a proxy for regulation is not uncontro-
versial, most event studies only focus on short-term
financial market reactions given environmental regulation.
For the EU ETS, no empirical contribution on competi-
tiveness impacts is available yet. Preliminary and descrip-
tive evidence, however, suggests that the scheme is
characterized by a relatively generous emissions cap
compared with verified emissions.

3. Data and variables

In this section, we present the data basis underlying the
emissions allocation within the EU ETS. This is done by
firstly giving an overview over (relative) allocation at the
national level for all EU ETS countries. In a second step,
we present the data basis used for our empirical policy
assessment of employment and competitiveness effects
associated with EU ETS relative allowance allocation in
Germany.

3.1. EU ETS data

The 2005 allocation data were extracted from the EU
Community Transaction Log (European Union, 2007).
The allocation factor measures the allocation of EU
emissions allowances relative to the actual emissions of
the respective entity and is calculated as the quotient of
allowances allocated to the verified emissions. The alloca-
tion factor thus shows the relationship between the amount
of allocated allowances and actual emissions, i.e. an
allocation factor larger than 1 suggests that an entity has
received allowances that exceed its emissions, while an
allocation factor smaller than 1 suggests that the respective
entity either has to buy additional emissions allowances or
abate some of its emissions in order to comply with EU
ETS regulation. In this context, one problem may be that
verified emissions do not stem from a pre-EU ETS period
(this emissions data is actually not available) but from
2005, and are thus of ex-post nature. Therefore, relative
allocation cannot be distinguished from actual early
abatement in 2005 and also the allocation factor has an
ex-post character.® First evidence, however, suggests that
abatement in 2005 remained relatively low, so that the
allocation factor should be at least a very good indicator
for relative allocation (Ellerman and Buchner, 2006).

3Moreover, note that the allocation factor is dependent on factors such
as stochastic variations in weather, production, energy prices, or other
variables affecting emissions.
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Fig. 1. Allocation factors at an aggregate national level for EU ETS countries (source: European Union, 2007; own calculations).

Fig. 1 shows the allocation factor, aggregated at the
national level and based on disaggregated installation level
data from the EU Community Transaction Log, for all EU
ETS countries. Our aggregated data rely on 10,276
installations, covering the entire set of identifiable EU
ETS installations. It indicates that companies in some
countries—e.g. Ireland and the UK—have received fewer
allowances than their respective emissions, while compa-
nies from other countries have received a large relative
amount of emissions allowances given their actual emis-
sions. Noteworthy in this respect is Lithuania, with its
companies having received allowances for more than twice
of their actual emissions. For the EU ETS level, the data
extracted from the EU Community Transaction Log
suggest that, in 2005, the scheme as a whole was in a long
position. Furthermore, it already indicates that the relative
allowance allocation enormously differs across single
entities. This is in line with the findings of Kettner et al.
(2007).

More specifically, Kettner et al. (2007), consistently with
our calculations, identified Lithuania as the country
exhibiting the biggest “‘net long”’ position and lreland
and the UK as countries exhibiting the biggest “net short”
position within the scheme. Additionally to our calcula-
tions, however, they provide information on long and short
positions at the sector level, which is not in the focus of our
analysis.

3.2. German sample

In the framework of an empirical analysis for Germany,
we want to assess the impact of relative allocation of EU
emissions allowances on competitiveness and employment
at the firm level. The econometric analysis can only be
conducted within a case study for Germany, as economic
variables that could indicate the development of competi-
tiveness and employment at the firm level up to 2005 were
not available to us for all EU countries. Still, the
econometric analysis may offer important insights into
the economic effects of the EU ETS in Europe as a whole,
as Germany is the most important country within the EU
ETS, its companies representing about 24% of all
allowances allocated. To our knowledge, our approach

represents the first ex-post analysis of the economic
impacts of the EU ETS.

For the purpose of this empirical investigation, EU ETS
allocation data stemming from the Community Transac-
tion Log (European Union, 2007) (i.e. the allocation factor,
see above) were aggregated at the firm level for Germany.
The relative emissions allocation data were subsequently
matched with economic data from the CREDITREFORM
database. Sectoral (indicator) variables were generated
according to the four-digit NACE industry codes that are
contained in the AMADEUS database. Our sector
classification includes the business, electricity, energy,
mining, coke & petroleum, pulp & paper, and (other)
manufacturing sectors. For more detailed information on
the economic, sectoral and emissions data employed in this
analysis, please refer to Appendix A.

All in all, given our economic data, 419 German firms
covered by the EU ETS could be analyzed in the empirical
framework. Table 1 gives first information on the 2005
data from the Community Transaction Log and the
CREDITREFORM database. It shows that, on average,
the companies included in the empirical analysis have been,
in comparison with all German EU ETS participating
firms, relatively highly allocated with EU emissions
allowances. While for Germany as a whole the allocation
factor is 1.04, for the sample analyzed it is 1.24.
Furthermore, the economic data indicate that, in 2005,
the decisive year of our analysis, the firms included have,
on average, under circumstances of shrinking revenues,
reduced their number of employees. More than a quarter of
our sample firms stem from the manufacturing sector;
mining and coke & petroleum firms, in contrast, are very
infrequent here. In all, 153 firms could not be classified in
our sectoral classification (for an overview over the sectoral
distributions, see Table A1).

4. Econometric analysis for Germany
4.1. Estimation approach
An econometric analysis is the only means to empirically

measure the impact of relative allocation of EU emissions
allowances on competitiveness and employment. In the
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Table 1

Descriptive statistics of German firm data

Variable No. obs. Mean Std. dev. Min Max

Allocation factor 419 1.24 0.57 0.26 5.95
Allowances allocated 419 603,961.5 4,795,754 272 9.02e+07
Verified emissions 419 579,399 4,862,883 50 9.12e+07
Revenues 2005ffi2004 419 fi139.43 3982.08 ffi79,678.02 8361.04
Revenues 2004ffi2003 419 77.01 507.40 ffi320.02 8539.71
Revenues 2003ffi2002 419 ffi18.92 1917.70 ffi21,191.99 18,451.61
Revenues 2005 419 972.32 4423.90 0.16 56,172.84
Revenues 2004 419 1111.75 7340.71 0.16 135,850.90
Revenues 2003 419 1034.74 7080.48 0.16 131,569.00

No. employees 2005ffi2004 419 ffi413.08 5367.39 ffi73,336 22,660

No. employees 2004ffi2003 419 424.90 5328.04 ffi3508 72,712

No. employees 2003ffi2002 419 ffi80.21 705.73 ffi6899 3850

No. employees 2005 419 2705.22 20,010.84 1 384,723

No. employees 2004 419 3118.29 20,606.48 1 362,083

No. employees 2003 419 2693.39 19,104.49 1 365,571

Note: Revenue data are given in Mio. Euro and is measured in prices of 2000 (GDP market price deflator). Revenues give the value of annual sales of
goods and services—including other types of revenue such as dividends, interest, and rent—of the respective company.

following, we employ a regression analysis in order to test
whether the relative allocation (as measured by the
allocation factor) had an impact on competitiveness as
measured by firm revenues—here: representing the “‘ability
to sell”” as one concept of competitiveness*—and employ-
ment of the German firm sample. The related correlations
are shown in Table A2. As dependent variables we use the
firm revenue change in 2005, i.e. revenue 2005 minus
revenue 2004, as an indicator of their ability to sell, and
firmemployment change in 2005, i.e. number of employees
2005 minus number of employees 2004. As it is common
for an analysis with cross-sectional firm data and a
continuous dependent variable (in both cases), we use
ordinary least squares (OLS) in a first step in order to
compute our regression results. Still, as lined out in the
previous sections, the explanatory variable of our special
interest in this analysis, the allocation factor, may be
endogenous in such setting. This is due to the fact that its
calculation is based on (verified) emissions from 2005 given
that historic emission data are not publicly available.
However, if revenue and/or employment development in
2005 had an impact on the respective emissions, reverse
causality would render our estimation results from OLS
biased and inconsistent. As the most common technical
solution in such setting, additionally to OLS, we make use
of the instrumental variable technique employing the so-
called two-stage least squares estimator (2SLS). Doing this,
in the regression equation of our interest (second stage), the
possibly endogenous allocation factor is replaced by its
fitted values from its (first stage) regression on exogenous
variables (so-called instruments). As instruments for the
allocation factor, firm data on revenues and employment in

“As our empirical assessment focuses on the EU ETS, we refer to
within-EU competitiveness among EU firms here (as opposed to
international competitiveness vis-a-vis non-EU regions).

differences and levels are available besides sectoral vari-
ables that partly more strongly correlate with the allowance
factor than the economic variables do. Furthermore, OLS
results have been controlled for possibly outlier-driven
results using so-called iteratively reweighted least squares
(IRLS), the most common “‘robust” regression method.
However, analogously to the OLS results, IRLS regres-
sions may suffer from reverse causality problems. Given
this fact (and the fact that our central results on relative
allocation are consistent for all techniques applied), IRLS
results are only displayed in Appendix A, and interpreta-
tion focuses on OLS and 2SLS.

4.2. Estimation results

The central results of the regression analysis are shown
in Table 2 (Tables A3 and A4 give more detailed results).
In the regression analysis (1) using revenue changes
between 2005 and 2004 as a dependent variable, we
include, besides the sectoral indicator variables and a
constant term, the allocation factor as the explanatory
variable of our major interest, as well as revenue
differences 2004ffi2003, revenue differences 2003ffi2002,
revenues 2003, the number of employees 2003, and the
differences of the number of employees 2004ffi2003 as
explanatory (control) variables. Using lagged levels and
differences of revenues and employment as explanatory
variables, we circumvent possible reverse causality or
simultaneity (endogeneity) problems that can arise if the
dependent variable has an influence on these explanatory
variables.® Regression (3) gives the respective 2SLS results,

°In contrast to the allocation factor that we instrument in the 2SLS
approach, these explanatory variables are incorporated in lagged form
instead of being instrumented. Thereby we assume actual lagged
relationships between the explanatory and independent variables.
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Table 2
Selected regression results for German firm sample

Dep. var. Revenues 2005ffi2004 (Mio. Euro) No. employees 2005ffi2004

Regression number/ (1) OLS (3) 28LS (7) OLS (9) 2SLS

estimation technique

Allocation factor 122.14 (110.72) 50,538.58 (42,836.84) 30.23 (119.04) ffi44,067.80 (48,347.34)
No. obs. 419 419 419 419

R? 0.84 0.84 0.85 0.85

F-test (p-val.) 0.00 0.00 0.00 0.00

Note: (White) robust std. errors in brackets. Results from regressions including the full set of control variables. Detailed resuits including parameter
estimates of the control variable set (cp. regression numbers), as well as results of regression equations from which insignificantcontrol variables have been

eliminated and the IRLS estimations are given in Appendix A.

and (5) the IRLS results. From (2), (4), and (6),
insignificant explanatory variables (besides the allocation
factor) have been eliminated. For OLS and 2SLS, such
elimination of insignificant explanatory variables is sup-
ported by an F-test. All in all, our results show a good fit of
the econometric model, with an R? of 84%. According to
the results of the F-test, the null hypothesis of joint
insignificance of all explanatory variables can be rejected at
the 1% level for any equation. The results, i.e. the
parameter estimates of significant variables as well as their
significance levels, are relatively robust to the choice of
estimation technique as well as to the elimination of
insignificant explanatory variables.

The main insight of this regression is that we do not find
empirical evidence for a significant impact of the relative
allocation of EU emissions aliowances on firm revenue
development in 2005. From a theoretical emissions-market
perspective, a higher relative (grandfathered) allowance
allocation induces lower compliance costs of emissions
regulation (see e.g. Bdhringer et al., 2005). Thus, relative
allowance allocation and the subsequent trading of
emissions permits affect the cash flow of the regulated
firms. Clearly, the impacts of environmental regulation on
firm revenues, production and employment are more
complex and depend on the allocation rule (Demailly and
Quirion, 2007). Our estimation results show a positive
coefficient of the allocation factor both in the OLS and
2SLS regressions, which, given large standard errors, does
not significantly differ from 0 in all equations presented in
Table A3. Our results thus suggest that companies that
received a relatively high amount of aliowances within the
allocation process could not, consequently, increase their
revenues compared to other German companies within the
emissions trading scheme. Besides the sectoral indicator
variables that show a highly significant impact on revenue
development, which can, for example, be explained by
differences in sectoral demand, most other control vari-
ables do not show significance at any conventional level.
An exception to this is the coefficient of the number of
employees in 2003 that enters with a negative sign in the
equation (with an estimated coefficient of about ffi0.20),
suggesting that firms with a larger working force were less
successful in increasing their revenues in 2005. IRLS gives

partly different results, but, as indicated above, does not
show any significance for the estimated coefficient of the
allocation factor either.

In regression analysis (7) using the changes in the number
of employees between 2005 and 2004 as a dependent
variable, we include, besides the sectoral indicator variables
and a constant term, the allocation factor as the explanatory
variable of our major interest, as well as revenues
2004—-2003, revenues 2003, the number of employees 2003,
the number of employees 2004—2003, and the number of
employees 2003—-2002 as explanatory (control) variables. As
in regression (1)—(6), the use of lagged levels and differences
of revenues and employment as explanatory variables is due
to the potential problem of endogeneity as well as of
assumed lagged relationships (see footnote 4). Here as well,
the results are robust to the elimination of insignificant
explanatory variables and show a good fit of the econo-
metric model, with an R? even slightly higher than in
regression (1)—(4) (up to 85%). According to the results of
the F-test, the null hypothesis of joint insignificance of all
explanatory variables can be rejected at the 1% level for all
approaches used. Regression (9) gives the respective 25LS
results, (11) the IRLS results. From (8), (10), and (12),
insignificant explanatory variables (besides the allocation
factor) have been eliminated (exclusion is supported by the
F-test for the 25LS and IRLS cases).

Analogously to the revenue analysis, we did not receive
empirical evidence for a significant impact of the relative
allocation of EU emissions allowances on the change in
(firm level) employment in 2005. For regression (7) (as well
as (11) and (12)), the estimated coefficient of the allocation
factor is positive. However, the magnitude of the coeffi-
cient is small and is not significant at any conventional
level. According to economic theory, stringent environ-
mental regulation may induce employment losses if the
output effect of regulation (i.e. lower production and
employment levels) dominates the substitution effect (i.e.
the shift to a higher labour intensity of production). Our
estimation results suggest, however, that firms with a lower
allocation factor within the trading scheme did not react
with worker layoffs on a net basis.

In regressions (8)-(10), the sign of the estimated
allocation factor coefficient changes (for IRLS, again, it
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is positive in both regressions). However, the coefficients
fail to show significance at any conventional level in all
equations. In contrast to (1)-(6), the estimated coefficient
of the number of employees 2004—2003 is—with a value of
about 1—uvery high and negative. The coefficient, signifi-
cant at the 1% level in each regression, suggests that the
lay-off of workers in 2004 had a (similar) negative effect on
the change of employment in 2005, i.e. the lay-off of one
worker in 2004 resulted in the lay-off of an additional
worker in 2005. This may be due to labour market rigidities
as well as employment policies of the companies analyzed,
provided that suspensions were relatively stable over time
(2004-2005). Sectoral indicator variables have a highly
significant impact on employment only using OLS. These
results are therefore not very robust over the different
econometric specifications, indicating that sectoral affilia-
tion did not necessarily play a role in employment changes
in 2005. Furthermore, the interpretation of the individual
sectoral dummies is difficult, as the estimated parameters
attribute the deviations of employment changes of the
relative sector to those firms that formed part of sectors
that were not explicitly modelled. Most other control
variables fail to show significanceat any conventional level.
The effect of revenue as well as of employment develop-
ment in 2004 on employment development in 2005 is
extremely robust with regard to both point estimates and
statistical significance. This undermines the findings of a
positive relationship between 2004 revenue development
and 2005 employment, as well as of a negative relationship
between employment development in 2004 and 2005. At
least as far as signs and significance of the estimated
parameters are concerned, IRLS results resemble 2SLS.

5. Conclusions

This paper empirically investigates the role of the EU
Emissions Trading Scheme (EU ETS) for competitiveness
and employment at the firm level. We provide an overview
over relative allowance allocation within the EU ETS, as
well as an econometric analysis for a large sample of
German ETS firms in order to assess the economic impacts
associated with emissions allocation under the EU ETS.

Our calculations suggest that the total EU ETS was
generally long in 2005. The long position is very large in
Lithuania, while other countries were short in emissions
allowances. Regarding the competitiveness effects of EU
environmental regulation, we conduct an econometric ex-
post regression analysis for Germany, which, to our
knowledge, is the first of its kind concerning the EU
ETS. Following the competitiveness concept “‘ability to
sell”, as an empirical indicator for competitiveness we
employ firm revenues. As a second economic indicator we
use employment levels of the respective firms. Our
econometric analysis provides evidence on the fact that
the allowance allocation within the EU ETS framework did
not have a significant impact on revenues and employment
of regulated German firms. Our results thus suggest that

for regulated companies the competitiveness impacts of the
emissions allocation within the first phase of the EU ETS
were not pronounced. This finding could be due to the low
overall burden of emissions regulation within the EU ETS.

Some disclaimers apply to these results. First, it is
definitely very early to conduct an ex-post analysis for the
EU ETS. In this respect, it is possible that competitiveness
effects of this regulation could occur after 2005. Consistent
economic firm data at a European level for 2005 or later
were not available to us, so that our—first, and, due to the
small dataset, basic—econometric analysis could only be
performed within a case study for Germany, the most
important country within the EU ETS according to the
verified emissions. Furthermore, ex-post analyses do not
have to be restricted to revenues and employment,
although these are definitely two factors of great interest
in the context of environmental regulation. Other measures
of interest may be, e.g., innovation, profits, and interna-
tional trade effects that could not be tackled within the
analysis conducted here. All in all, future empirical
research in many directions is needed to complement these
first ex-post insights into the effects of regulation according
to the EU ETS.
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Appendix A. Data on EU ETS allocation

Qur analysis is based on data on approximately 12,000
installations being covered by the EU ETS legislation.
Each installation has an Operator Holding Account in its
national registry to which the allowances are submitted,
and each member state of the European Union has an
obligation to interlink the national registry with the

Table A1
Sectoral distribution of sample firms

Sector Frequency: no. sample firms (%)
Mining 9(2)

Electricity 55 (13)

Energy 29 (7)

Business 20 (5)

Pulp & paper 43 (10)

Coke & petroleum 8 (2)

Other manufacturing 102 (24)

Other 153 (37)

Total 419 (100)
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Table A2

Correlation analysis for German firm sample
Alloca- Revenues Revenues Revenues  No. No. No. Mining  Electricity Energy  Business Pulp & Coke & Other
tion 2005ffi2004  2004ffi2003 2005 employees  employees  employees paper petroleum manufacturing
factor 2005ffi2004  2004ffi2003 2005

Allocation 1.00

factor

Revenues 0.01 1.00

2005ffi2004

Revenues ffi0.03 ffi0.36 1.00

20041fi2003

Revenues ffi0.02 ffi0.52 0.57 1.00

2005

No. 0.03 ffi0.22 ffi0.03 0.89 1.00

employees

2005ffi2004

No. ffi0.02 0.06 0.43 0.35 0.19 1.00

employees

2004-2003

No. ffi0.01 ffi0.90 0.56 0.79 0.02 0.02 1.00

employees

2005

ini 0.03 0.02 0.01 0.04 0.03 0.03 ffi0.02 1.00

Electricity 0.17 0.02 ffi0.06 ffi0.06 0.03 0.03 ffi0.04 ffi0.13 1.00

Energy 0.02 0.01 ffi0.04 ffi0.04 0.02 0.02 ffi0.03 ffi0.09 ffi0.11 1.00

Business ffi0.03 ffi0.03 ffi0.03 ffi0.04 0.01 0.01 ffi0.02 ffi0.07 ffi0.09 ffi0.06 1.00

Pulp & ffi0.05 0.01 ffi0.04 ffi0.06 0.03 ffi0.03 ffi0.04 ffi0.05 ffi0.13 ffi0.09 ffi0.08 1.00

paper

Coke & ffi0.04 ffi0.01 ffi0.02 ffi0.01 0.01 ffi0.01 ffi0.02 ffi0.02 ffi0.05 ffi0.04 ffi0.03 y0.05 1.00

petrol.

Other ffi0.04 0.04 ffi0.04 ffi0.05 0.03 ffi0.05 ffi0.04 ffi0.08 ffi0.22 ffi0.15 ffi0.12 ffi0.19 ffi0.08 1.00

manuf.

Note: 419 observations. Pearson’s correlation coefficients for the respective variable pairs are given. Lagged levels and differences of higher order for the revenue and employment variables are omitted
for brevity.
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EU-wide databank EU Community Transaction Log. The
Community Transaction Log’s web pages contain informa-
tion on allowances that have been allocated in accordance
with the final National Allocation Plans, verified emissions,
surrendered allowances and compliance status for all
installations in member states with registries. We assessed
the emissions data from the Community Transaction Log
in two steps:

ffldata extraction from the Community Transaction Log
and data processing; and

fflaggregation of installation-level data on the sectoral and
national levels.

A.1. The AMADEUS database

Besides the emissions data from the Community
Transaction Log, economic data are of great importance
for assessing the competitiveness effects of the EU ETS.
AMADEUS (Analyse Major Databases from European
Sources) is a comprehensive, pan-European database
containing economic and financial information on 9
million public and private companies. AMADEUS com-

bines data from over 30 specialist sources and provides
data in a comparable format. It is created and produced by
Bureau van Dijk. In this analysis, sectoral information for
our German firm sample is based on the four-digit NACE
(industry) codes of the firms provided by AMADEUS.
According to this, we have created several indicator
variables that are given the value 1 for a company that
forms part of the respective industry, and 0 otherwise. The
indicator variables are “electricity” (13% of the sample
firms; NACE code between 4000 and 4020, “production
and distribution of electricity”), “energy” (7% of the
sample firms; NACE code between 4020 and 4500,
“manufacture of gas; distribution of gaseous fuels through
mains”’, ‘‘steam and hot water supply”, “collection,
purification and distribution of water’”’), “pulp & paper”
(10% of the sample firms; NACE code between 2100 and
2200, industry subsection ‘“manufacture of pulp, paper,
and paper products’”), “mining”’ (10% of the sample firms;
NACE code between 1000 and 1500, industry subsection
“mining and quarrying”), “coke & petroleum” (2% of the
sample firms; NACE code between 2300 and 2400,
“manufacture of coke, refined petroleum products and
nuclear fuel”), “‘other manufacturing” (24% of the sample
firms; N ACE code between 2600 and 3700, manufacture of

Table A3

Regression resuits on 2005 revenue development for German firm sample

Dep. var. (1) OLs (2) OLs (3) 2SLS (4) 2SLs (5) IRLS (6) IRLS
Revenues Revenues Revenues Revenues Revenues Revenues
2005ffi2004 (Mio. 2005ffi2004 (Mio. 2005ffi2004 (Mio. 2005ffi2004 (Mio. 2005ffi2004 (Mio. 2005ffi2004 (Mio.
Euro) Euro) Euro) Euro) Euro) Euro)

Allocation factor 122.14 (110.72) 83.72 (117.58) 50,538.58 (42,836.84)  1552.76 (2140.87) ffi0.33 (0.75) ffi0.36 (0.76)

Revenues ffi0.03 (0.66) - 0.01 (1.25) - 0.22*** (0.00) 0.21*** (0.00)

2004ffi2003 (Mio.

Euro)

Revenues 0.01 (0.18) - ffi0.30 (0.84) - ffi0.02*** (0.00) ffi0.02*** (0.00)

2003ffi2002 (Mio.

Euro)

Revenues 2003 ffi0.05 (0.18) - 1.24 (1.72) - 0.03*** (0.00) 0.03*** (0.00)

(Mio. Euro)

No. employess ffi0.18*** (0.07) ffi0.19*** (0.03) ffi0.66 (0.64) ffi0.19*** (0.03) 0.00*** (0.00) -

2003

No. employees 0.15 (0.11) - 0.34** (0.14) - 0.00*** (0.00) -

2004-2003

Mining ffi225.89 (255.96) - 338.81 (6456.00) - 6.21** (2.99) 5.58* (2.95)

Electricity ffid83.89™** (134.43)  ffid71.20*** (112.97) ffi8980.94 (11737.64) — 7.61*** (1.39) 7.07*** (1.30)

Energy ffid91.44*** (128.93)  ffi488.11*** (105.70) ffi3335.58 (5964.47) ffi443.98** (212.50) 4.92*** (1.76) 4147** (1.70)

Business ffi1083.73** (529.95)  ffi1085.56* (598.66) 5823.88 (6566.77) — 1.28 (2.08)

Pulp & paper ffid82.81*** (116.57)  ffi478.65*** (100.03) 2020.76 (3730.35)  ffi293.81* (155.56) 0.39 (1.51) -

Coke & petroleum ffi836.93* (479.15) ffi878.94* (469.98) 5482.63 (7324.90) - 7.61** (3.15) 8.07*** (3.15)

Other ffi181.27 (192.49) - 423.98 (3146.08) - 1.38 (1.12) -

manufacturing

Constant term 436.91*** (152.38) 475.14*** (164.28)

No. obs. 419 419 419
R? 0.84 0.80 0.84
F-test (p-val.) 0.00 0.00 0.00
F-test on excl. exp. - 0.50 -
var. (p-val.)

ffi61,101.61 (51,916.09) ffi1431.85 (2611.28)

3.17*** (1.18) £i2.44** (1.05)

419 413 414
0.82 - -

0.00 0.00 0.00
0.29 - 0.00

Note: Std. errors in brackets (OLS, 2SLS: white robust std. errors). *, ** and *** show significance at the 10%, 5%, and 1% levels, respectively.
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Table A4
Regression results on 2005 employment development for German firm sample
Dep. var. (7) OLS (8) OLS (9) 2SLS (10) 2SLS (11) IRLS (12) IRLS
No. employees No. employees No. employees No. employees No. employees No.
2005ffi2004 2005ffi2004 2005ffi2004 2005ffi2004 2005ffi2004 employees
2005ffi2004
Allocation factor 30.23 (119.04) ffi12.00 (62.79) ffid4,067.80 ffi8126.44 0.49 (2.04) 040 (2.21)
(48347.34) (9355.91)
Revenues 2004ffi2003 (Mio.  4.58*** (0.71) 4.29*** (0.70) 4.43*** (0.93) 4.38%** (0.62) 0.02*** (0.01) 0.02%**
Euro) (0.01)
Revenues 2003 (Mio. Euro)  0.05 (0.28) - ffi0.71 (1.38) - 0.00** (0.00) -
No. employees 2003 ffi0.05 (0.11) - 0.22 (0.52) - 0.00*** (0.00) ffi0.02***
(0.00)
No. employees 2004ffi2003 ffi1.00*** (0.04) ffi1.01*** (0.04) ffi1.15*** (0.16) ffi1.05*** (0.05) ffi1.00*** (0.00) ffi1.01%**
(0.00)
No. employees 2003ffi2002 ffi0.85 (0.80) - ffi1.40 (1.98) - 0.00 (0.00) -
Mining 486.99 (316.47) 373.76* (193.43) 323.98 (5404.09) - ffi4.86 (8.01) -
Electricity 562.16* (307.10) 431.50** 8032.52 - 0.62 (3.76) -
(183.63) (11732.76)
Energy 576.89** 460.36*** 3036.61 - 9.57** (4.77) -
(280.85) (178.56) (5619.92)
Business 555.29* (315.56) 394.59* (228.14) ffi4859.04 - 6.85 (5.62) -
(6423.88)
Pulp & paper 565.95* (320.64) 43277 ffi1540.41 - ffi0.62 (4.07) -
(186.05) (3394.63)
Coke & petroleum 624.19** 512.96*** 6473.68 - 11.07 (8.56) -
(273.35) (192.22) (7243.06)
Other manufacturing 285.82 (365.37) - ffi235.53 - 4.31(3.02) -
(2741.93)
Constant term ffi642.96* ffi467.25** 53,153.02 9668.14 ffi3.32 (3.17) 4.37 (3.03)
(388.52) (198.56) (58,410.43) (11,335.02)
No. obs. 419 419 419 419 415 416
R? 0.85 0.83 0.85 0.35 - -
F-test (p-val.) 0.00 0.00 0.00 0.00 0.00 0.00
F-test on excl. exp. var. (p- - 0.00 - 0.96 - 0.21

val.)

Note: Std. errors in brackets (OLS, 2SLS: white robust std. errors). *, ** and *** show significance at the 10%, 5%, and 1% levels, respectively.

non-metallic mineral products, basic metals and fabricated
metal products, machinery and equipment, electrical and
optical equipment, transport equipment, other manufac-
turing), and “‘business” (5% of the sample firms; NACE
code between 7000 and 7500, section “‘real estate, renting,
and business activities”).

A.2. The CREDITREFORM database

This database is a financial and economic database that
includes information of sales and employment of German
firms. It is the most comprehensive database on German
firms, containing a random sample of 20,000 solvent and
1000 insolvent firms in Germany. Given a consistent form
identification number, it is coherent with the AMADEUS
database. From the CREDITREFORM database we use
levels and differences from firm revenue and employment
data between 2002 and 2005; from AMADEUS we use
generated sectoral indicator variables (see above). Those
data have been matched with the allocation factor
(allowances allocated divided by verified emissions) from

the Community Transaction Log. This has been conducted
by supplementing allocation data that have been aggre-
gated at the firm level with AMADEUS and CREDITRE-
FORM data. The main criteria for this database matching
were the respective company names and addresses. The
matching results have been carefully checked for consis-
tency reasons (Tables A1-A4).
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Abstract

The devolved nature of environmental regulation generates rich regulatory variation
across regions, industries and time. We exploit this variation, using direct measures of
regulation and plant data, to estimate employment effects of sharply increased air quality
regulation in Los Angeles. Regulations were accompanied by large reductions in NO,
emissions and induced large abatement investments for re®nerics. Nevertheless, we ®&nd no
evidence that local air quality regulation substantially reduced employment, even when
allowing for induced plant exit and dissuaded plant entry. Regulations affected employment
only slightly B partly because regulated plants are in capital and not labor-intensive
industries. These @ndings are robust to the choice of comparison regions. © 2001 Elsevier
Science B.V.All rights reserved.
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1. Introduction

The increasing cost of environmental regulation’ in the past 25 years has fueled

*Corresponding author. Tel.: 11-617-353-4140/ 1 1-617-353-6324; fax: 1 1-617-353-4449.
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"American manufacturing plants invested $4.3B in 1994 to abate air pollution (4% of capital
investment) and incurred another $6.1B in air pollution abatement operating costs (United States
Bureau of Census, 1996). The EPA estimates the cost of abatement for the US at 2.1% of GDP for
1990 (Jaffe et al., 1995).
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a debate over its cost-effectiveness in improving environmental quality, and the
tightening of national ambient air quality standards in 1997 has intensi®ed that
debate. Chief among the perceived costs of regulation is the loss of employment,
an issue that looms large in policy debates on environmental regulation” Fears of
an inter-regional ‘race to the bottom' in setting lax environmental regulations to
avoid local job loss was one reason for the establishment of the US Environmental
Protection Agency (EPA). In light of such concerns, ¢f®cient (and politically
feasible) regulation requires precise estimates of its effects on employment.

Environmental regulation does not necessarily reduce labor demand. While
abatement activities probably increase marginal costs and decrease labor demand
through reductions in sales, abatement activities may, in fact, complement labor P
leading to an increase in labor demand. Theory alone yields an ambiguous
prediction of the over-all employment effects of environmental regulation.
Existing empirical studies have likewise yielded mixed results on these employ-
ment effects (Jaffe et al., 1995)°

Estimating the effects of environmental regulation is difRcult for a number of
reasons. Some studies have estimated the effects of regulation by regressing
outcomes on measured abatement activity (see for example, Gray and Shadbegian
(1993b). This approach is confounded by selection bias and measurement error.
Plants that can abate at low cost are likely to have the smallest employment effects
and are most likely to abate voluntarily B without the impetus of regulation. This
selection effect will bias estimates of the effects of induced abatement on
employment, making abatement appear less costly than it actually is. Measurement
error in abatement costs also is likely to bias estimated effects toward zero because
of attenuation bias.

Our solution to these estimation problems is to gather detailed micro data on
local air pollution regulations in a speci®e region of the country and to construct
relevant treatment and comparison groups for each industry affected by the local
air quality regulations that we study. Comparison groups are constructed to
represent the counterfactual in which treated plants are not subject to local air
pollution regulation. We code regulations as binary indicators and estimate the

’For example, in California, employment effects must be taken into account in the formulation of
environmental regulations (Sept. 1994, resolution 94-36, South Coast Air Quality Management
District).

*A number of empirical studies have investigated the effect of federal regulation on employment and
other economic outcomes in manufacturing. Gray (1987) studies the relationship between enforcement
and compliance for EPA and Occupational Safety and Health Act regulation, ®nding that compliance is
higher for industries with high proBts, high wages, low compliance costs, and frequent inspections.
Bartel and Thomas (1987) estimate the effect of EPA and OSHA on both wages and proRts, ®nding
regional differences in the effect of regulation. Gray and Shadbegian (1993a,b) ®nd that manufacturing
plants with high abatement costs have high labor demand. Other studies analyze effects of a particular
set of environmental regulations on a speci® industry. For example, Hartman et al. (1979) ®nd that
federal environmental regulation reduces employment in the U.S. copper industry.
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effect of regulation on employment directly (rather than the effect of abatement
expenditures on employment).

The richness of our data comes from the structure of US envirommental
regulation. Since the EPA delegates much regulatory authority to state and local
agencies, regulatory stringency varies across regions for the same industries,
depending upon local environmental quality.We focus on the manufacturing sector
in this paper. Our innovation is in directly estimating the effects of local air
pollution regulations using a quantitative approach that includes comparison plants
in the same precisely de®ned industry. This allows us to check the robusiness of
our results by alternating the regions used for comparison plants. To implement
this approach we quantify local air pollution regulations as binary covariates, a
lengthy procedure that involves numerous subjective judgements. Our principal
methodological contribution is a coding procedure that avoids bias due to "data
mining' using a simple method we call “sequestering the data.’'

The Los Angeles area provides our study with an episode of sharp increase in
local air quality regulation in the 1980s. These local regulations apply over and
above federal and state regulations. The South Coast Air Quality Management
District (SCAQMD), which regulates the air basin containing Los Angeles and her
suburbs.' has enacted some of the country's most stringent air quality regulations
since 1979. These were triggered by the interaction of increasingly siringent air
quality standards and abysmal air quality in the South Coast. Poor air quality is
due both to emissions and topographical conditions: the unique climate and
geography of the region contribute to a thermal inversion, which traps pollutants
near ground level. Thus the SCAQMD found itself far out of compliance with the
1970 EPA national ambient air quality standards. It responded by the late 1970s,
adopting a set of extremely stringent regulations in an attempt io meet those
standards, an effort primarily aimed at reducing emissions of nitrous oxides (NO_).
For example, Fig. 1 illustrates the costs imposed by these regulations on South
Coast oil re®neries, the most highly regulated of manufacturing industries.
Beginning in 1986, when these regulations came into effect, South Coast re®neries
faced much higher abatement investment costs than did reRneries in Texas and
Louisiana, regions with less stringent state regulations and no local air quality
regulation] The strict and sometimes innovative approach to environmental
regulation in the South Coast has been copied by other regions in their attempts to
comply with the national ambient air quality standards. The increased stringency
of 1997 EPA air quality standards may eventually force adoption of similar
regulations in other regions, so estimated employment effects of South Coast
regulations should be of interest to regulators elsewhere in the country.

*The South Coast Air Basin consists of Los Angeles County, Orange County, Riverside County, and
the non-desert portion of San Bernardino County.

*Some state regulations may be location speciBc.When these location-speci® regulations exist, they
target non-compliance regions within the state. See footnote 15 for details.
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Fig. 1. Abatement investment/value of shipments in re®neries. Source: PACE survey. Notes: The
graph compares air pollution abatement investment in oil re®neries in the South Coast region to that in
the re®neries of Texas, Louisiana and the entire US. Abatement investment is calculated from the
PACE survey. Fach compliance date for a South Coast regulation is labeled with a 'C' and each date of
increased stringency is labeled with an 'I'. For instance, in 1991 one regulation had a compliance date
and two had dates of increased stringency. Abatement investment data are unavailable in 1983 and
1987.

We exploit three dimensions of variation P across regions, industries, and time
P to estimate the cffects of local air quality regulation on labor demand,
constructing a sample including both plants in the South Coast subject to changes
in local regulation and plants in the same industries in other regions of the US (the
comparison plants). Plants in the comparison regions are subject to federal and
state regulations, but generally do not face additional local regulations as well. The
stringency of federal regulations depends on whether the region is in attainment of
national ambient air quality standards. For ozone, considered by many to be the
most serious of the criteria air pollutants, the South Coast is out of attainment
during the entire period studied. Most of the regulatory pressure on South Coast
plants is from local regulation, which are more stringent than the federal
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regulations. Our estimates are of the effect of local South Coast regulations in
contrast to the average level of local regulation in the comparison regions. We
report separate estimates using attainment and non-attainment comparison regions,
as well as a TexastLouisiana comparison region, which has a similar industrial
structure to the South Coast but less stringent air pollution regulation.

To match the degree of detail in regulatory variation we use two panels of plant
level data made available to us by special arrangement with the Census Burecau:
the Pollution Abatement Cosis and Expenditures Survey (PACE) in 19791991
and the Census of Manufactures in 1977, 1982, 1987 and 1992. These data allow
us to identify plants subject to new South Coast regulations and to compare them
with plants (plant-years to be precise) not subject to new regulations. Using this
approach we can remove potentially confounding plant effects, and industry
and/or region speci®c shifts in employment in estimating the effect of regulatory
change on employment. In an analysis of the Los Angeles arca during the 1980s
these are key issues, as the regional concentration of declining defense industries
led to a secular decline in employment which we argue has been falsely attributed
to envirommental regulation. We claim that the incidence of regulation is
orthogonal to sample selection because the timing of regulation was due to the
con uence of the stringency of federal (EPA) air quality standards and the serious
air quality problem in Los Angeles.

We ®nd that while regulations do impose large costs they have a limited effect
on employment. Compliance with a new regulation induces $0.5M of abatement
investment per affected plant (with a standard error of $0.2M). Increases in
stringency of an existing regulation induce $1.9M ($1M) of abatement investment.
The employment effects of both compliance and increased stringency are fairly
precisely estimated zeros, even when exit and dissuaded entry effects are included.
Point estimates of the cumulative effect of 12 years of air quality regulation from
1979+1991 wvary according to the comparison regions used, from 2600 to 5400
jobs created, with standard errors about the size of the estimates. Point estimates
based on the quintennial Census (which allow for entry and exit of plants, long
term response and include 1992 regulations as well) vary more with comparison
groups, from 9600 jobs lost to 12 300 jobs gained. These are very small effects in
a region with 14 million residents and about 1 million manufacturing jobs. The
large negative employment effects alluded to in the public debate (Goodstein,
1996) can clearly be ruled out.

Small employment effects are probably due to the combination of three factors:
{(a) regulations apply disproportionately to capital-intensive plants with relatively
little employment; (b) these plants sell to local markets where competitors are
subject to the same regulations, so that regulations do not decrease sales very
much; and (¢) abatement inputs complement employment.

This paper is similar in spirit to investigations of how plant location responds to
differences in Jocal environmental regulations. Henderson (1996), Becker and
Henderson (in press), and Greenstone (1999) use as a proxy for local regulatory
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activity an indicator for whether a county attains compliance with federal
standards. They both ®nd that transition info attainment is associated with an
incursion of polluting plants. Greensione also ®nds negative employment, invest-
ment and output effects for continuing plants. Gray (1997) ®nds that states with
more stringent enforcement have fewer plant openings. Levinson (1996) examines
plants in pollution intensive industries, ®nding little impact of regulation on the
location of new manufacturing plants (1982+1987).

This paper is related in method to a recent literature in labor economics and
public ®nance that uses cross-sectional variation in changes in regulations, laws
and institutions to study the effects of these changes. The variation is often
arguably exogenous and the results are of interest to policy makers contemplating
similar regulatory changes. Meyer (1995) provides a survey. We offer two
innovations to that literature: ®rst, we demonstrate that useful regulatory variation
can come from a set of diverse, technical regulations once they are appropriately
quantiRed. Second, we show that geographical variation observed within industry
in plant data allows the use of comparison plants in different regions to test the
robustness of the estimates.

Several characteristics of local air quality regulation programs make our
approach an attractive alternative to existing evaluation methods. Air quality
regulation is too expensive to allow random assignment of treatment. Similar to
the job training programs discussed by Hotz et al. (1998), local air quality
regulation efforts involve a mixture of components applied to a population with
distinct characteristics. In these situations Hotz et al. (1998) stress the need for
precise measurement of the characteristics of program components and of the
treated population to allow prediction of a program's effects on other populations.
It is hard to imagine an approach not based on micro regulations and plant level
data that satisRes the two critical conditions for credible estimation: (a) enough
detailed information on industry and regional characteristics to remain uncon-
founded by secular trends, and (b) enough comparison regions so that there is
sufRcient overlap in characteristics between treatment and comparison groups to
allow estimation.

The paper proceeds as follows. Section 2 provides background about en-
vironmental regulation in the SCAQMD. In Section 3, we derive estimating
equations from a model of labor demand under regulation. Section 4 describes the
data. In Section 5, we present results and Section 6 concludes.

2. Background: the regulation of air quality

An important aspect of the EPA's mission is to set national standards for
environmental quality, to forestall a "race to the bottom' among regions attempting
to entice industries to locate in regions with more lax environmental standards.
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The national standards are based on health criteria alone, not on economic
cost-bene®x analyses. For air pollution, these national ambient air quality standards
(NAAQS) apply to six “criteria’ air pollutants (sulfurous oxides, nifrous oxides,
particulate matter, volatile organic compounds, ozone, and airborne lead). States
are responsible for state implementation plans (SIPs) which the EPA must approve.
The plan indicates how the state will ensure that all its regions attain the standards.
The EPA can withhold federal funds from states without approved SIPs and has
threatened fo take over environmental regulation in California if the state does not
comply with the NAAQS.

Federal environmental regulation of stationary sources is generally limited to
new sources of pollution (New Source Performance Standards, "NSPS'), except in
‘non-attainment’ regions that do not meet the federal standards and in regions
deemed ‘pristine’ (Prevention of SigniRcant Deterioration regions, or "'PSD"). In
non-attainment tregions all new investment must meet the 'lowest achievable
emissions rate' standard. In pristine regions new investment must meet the less
severe "best available control technology' standard. Both the 'lowest achievable'
and 'best available' standards are more demanding than the NSPS. New sources of
pollution and major modiRcations to existing sources are restricted in both regions.
All other sources of pollution, including existing stationary sources and mobile
sources generally are regulated at the state level.

In California, air pollution from mobile sources is regulated by the California
Air Resource Board, while the regulation of stationary sources is delegated to 34
local air quality management districts. The South Coast Air Quality Management
District (SCAQMD) is responsible for the Scuth Coast Air Basin in the area
around Los Angeles’ The South Coast is further from attainment of the NAAQS
than any other large region, hence the unprecedented severity of regulations which
came into force in the mid-1980s.

Severe air pollution in the Basin is partly due to weather patterns. The Basin is
arid, with little wind, abundant sunshine, and poor natural ventilation P
conditions that exacerbate air pollution, especially the formation of ground level
ozone. It is densely populated with high concentrations of motor vehicles and
industry. In 1990, the Basin contained 4% of the US population and 47% of the
population of California.

When the NAAQS were ®rst established, the Basin was out of attainment for
four of the six criteria pollutants. Hall et al. (1989) report that non-attainment of
federal standards between 1984 and 1986 increased the death rate by one in ten
thousand (a risk that doubles in San Bernardino and Riverside Counties)® Over

“In 1977, Orange, Riverside, and the non desert portion of San Bernardino Counties joined the Los
Angeles County Air Pollution Board to form the SCAQMD.

"Ozone is produced by a combination of volatile organic compounds, NO_ and sunlight.

*For comparison, the risk of death from an automobile accident in California is 2/10 000.

ED_000584A_00001557



272 E. Berman, L.T.M. Bui / Journal of Public Economics 79 (2001) 2654295

half the Basin's population experienced a stage 1 ozone alert anmually, during
which children were not allowed to play outdoors. The average resident suffered
16 days of minor eye irritations and 1 day on which normal activities were
substantially restricted.

The South Coast responded with local air quality regulations, over and above
those imposed by the EPA and the State. These included heavy regulation of
industrial emissions, generally mandating emission reductions and investment in
emission control equipment. Table 1 illustrates the associated increase in abate-
ment costs. Between 1979 and 1991 South Coast manufacturing plants increased
air pollution abatement costs by 138%, nearly twice the national rate of increase,
and increased air pollution abatement investment by 127%, fen times the national
rate of increase. South Coast oil reRneries incurred the lion's share of increased
abatement costs, accounting for the majority of abatement investment and
operating costs by 1991

Fig. 1 illustrates the effect of these regulations on abatement investment in oil
re®neries, where most measured abatement took place. The top line reports
abatement investment as a proportion of shipments in South Coast reRneries, while
the other three report that proportion in the re®neries of Texas, Louisiana and the
entire US. ReBnery abatement investment is much higher than that in the
comparison regions in 1986, 1988, 1990, 1991 and 1992. The letters "C' and 'T'
indicate a South Coast re®nery regulation with a compliance or an increased
stringency date in that year, respectively. All years with a large gap between South
Coast abatement and abatement in the comparison regions are years in which
South Coast regulations came into force. Years in which abatement investment is
similar in the South Coast and other regions are years without new South Coast
regulations. Note that almost all of the regulations were associated with high
abatement costs.

Table 1
Air pollution abatement control expenditures (Millions of 1991 Dollars)*
Capital Expenditures Operating Cost
South Coast us South Coast us
1979 101 3313 125 2820
1991 229 3703 298 4978
% Growth
197991 127 12 138 77

* Source: Authors' calculations from PACE micro data. Figures are slightly smaller than published
totals for US Manufacturing.

’Berman and Bui (1998) provide a detailed description of abatement in reRneries.
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Regulation signi®cantly improved ambient air quality. Between 1976 and 1993
the Basin reduced out-of-attainment days by 47%, from 279 to 147. The South
Coast program emphasized decreasing NO_ emissions (primarily to reduce ozone,
but also to reduce PM,, and because the federal NO_ standard was attainable). Fig.
2 illustrates the role of local, as opposed to state or federal, regulation in reducing
NO, emissions by manufacturing plants. It shows the share of South Coast plants
in California's NO_ emissions in three categories of manufacturing: oil re®neries;
other plants affected by local regulations in the South Coast; and plants not
affected by South Coast regulations. The comparison to plants in the same
industries in the rest of California allows a contrast with the effects of state and
federal regulations over and above which the South Coast regulations apply. Oil
reRuneries in the South Coast show a steady decline in NO, share, which
accelerates after 1987. Non-reRneries covered by regulations (e.g. chemical,
cement, and heavy manufacturing) show a reversal with an increasing share of

Oil Refineries

. . Nonrefineries covered

Proportion of Nitrous Oxide Emissions
?

Plants not covered .
by South Coast regulations

] [
80 85 90
year

Fig. 2. Relative decline in South Coast NO_ emissions by regulatory category. Note: The ®gure
describes the nitrous oxide emissions of South Coast manufacturing as a proportion of Califorma's
manufacturing in each of three categories: Oil re®neries (SIC 29); other industries subject to South
Coast regulations at any time between 1979 and 1993; industries not subject to South Coast regulations
at any time between 1979 and 1993.
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state emissions after 1985!° Plants not covered by South Coast regulations
reduced emissions no faster than did comparable plants in the rest of California.
Despite this regulatory effort, in 1993 the South Coast remained out of compliance
for three other criteria air pollutants (PM,,, ozone and CO) and still had the
highest annual average NO_ level in the nation.

3. Labor demand under environmental regulation

In this section we motivate our estimafing equations with a model of labor
demand that allows regulation to act through two scparate mechanisms, the output
elasticity of labor demand and the marginal rates of technical substitution between
abatement activity and labor. The partial static equilibrium model of production
(Brown and Christensen, 1981) allows for the levels of some "quasi®xed' factors
to be ®xed by exogenous constraints, rather than by cost minimization alone. We
apply that approach, treating costs incurred to comply with environmental
regulation P pollution abatement capital investment and abatement costs (labor,
materials and services) P as ‘quasi-®xed'. Labor, materials and productive
(regular) capital are the variable factors.

Assume a cost-minimizing ®rm operating in perfectly competitive markets for
inputs and output. There are J variable inputs and K “quasi-Rxed' inputs. The
variable cost function has the form:

CVSH(Y;Pla'-->PJ>Zla'-->ZK) (1)

where Y is output, the P, are prices of variable inputs, and 7, are quantities of

quasi<Bxed inputs. Pro®t maximization implies the ®rst order conditions that yields
demand for the variable input labor, L, as a function of output, quantities of the
other inputs, and prices, which we approximate by the linear equation:''

L5a1t1r,Y 10kak 10ngj. 2)
k51 j51

“In the period between 1983485 and 1990+91 NO, emissions declined by 15 000 tons (standard
error 5 6600) in South Coast reRneries and by 5400 tons (7300) in other California re®neries. NO,
emissions declined by 8300 tons (4200) in other regulated South Coast plants but increased by 11 900
tons {13 300) in plants in the same industries in the rest of California. Standard errors are calculated
using raw data on point sources, corrected for heteroskedasticity, grouped plant effects and industry
effects.

""'We are restricted to a linear approximation by data constraints. For pollution abatement capital we
observe only changes (investment), not levels.
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The reduced form effect of regulation (R) on labor demand can be written:

L5d 1mR. 3)

The effects of regulation on employment are through the mechanism:

jj} 5 ry]g; 1C)bk (ﬁ’” 1(?gj iI;’ 5m. 4

k51

If input markets are large and competitive, regulatory change will have no effect
on input prices so the ®nal term in (4) will disappear, leaving the ®rst two. The
®rst term re ects the effect of regulation on demand for variable factors through its
effect on output. This output effect of environmental regulation is widely believed
to be negative (though theory gives no clear prediction: if compliance is achieved
through an investment that reduces marginal costs, dY/dR could be positive). The
second term re ects the effect of regulation on demand for variable factors through
its effect on demand for quasi-®xed abatement activities, Z, and the marginal rates
of technical substitution between abatement and variable factors. The change in
demand for abatement activity due to an increase in regulation, dZ/dR, must be
positive.

The signs of the b,, which re ect whether abatement activity and labor are
complements or substitutes, are not known a priori. Abatement technologies fall
into two general categories, ‘end-of-pipe’ and ‘changes in process.' End-of-pipe
technologies such as scrubbers and precipitators, remove pollutants from existing
discharge streams before their release into the environment, and probably
complement labor, particularly production labor. Improvements in production
process, such as the installation of more ef®cient boilers which operate at lower
levels of emissions, often reduce demand for production workers due to a general
skill-bias of technological change. Hence the signs of the b, are ambiguous, which
is the main reason that the sign of m, the employment effect of regulation, cannot
be predicted from theory alone.”

Some of the employment effects of regulation may be through induced exit of
plants, as output is reduced to zero, and through dissuaded entry (Henderson,
1996; Levinson, 1996; Gray, 1997). For those effects only the output effect (the

"Ideally, we would estimate the parameters of (4) using regulatory change variables as instruments
for ¥ (value added) and Z (the quasi-®xed factors). This proves 1o be too ambitious a demand to make
of our data.
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®rst term of (4)) is relevant, so the employment effect of regulation through
induced exit and dissuaded entry is likely to be negative.

4. Data description

We exploit variation in regulation across industries, regions and time by using
plant level data.We use two (unbalanced) panels drawn from Census Burecau data:
The Survey of Pollution Abatement and Control Expenditures (PACE), linked to
the Annual Survey of Manufactures (ASM), and the Census of Manufactures
(CM). (Plant records from the ASM linked over time are the basis of the
Longitudinal Research Database (LRD) panel compiled by the Center for
Economic Studies of the Census Bureau).

The ASM samples the population of manufacturing plants, including large
plants (250 or more employees) with certainty. Smaller plants are rotated out of
the sample at 5-year intervals. From these data we use the employment, value
added, and capital investment variables. PACE reports abatement investment and
operating costs by the medium abated (air, water, and hazardous waste).We use air
pollution abatement costs and investments. To account for entry and exit we use
the Census of Manufactures, which covers the population of manufacturing plants
every 5 years.’ From these data we make use of employment, value added, and
capital investment. These data are described fully in an appendix available from
the authors.

Our most difRcult task was the construction of measures of regulatory change.
We constructed a data set for the Basin detailing a// changes in local environmen-
tal regulation affecting manufacturing plants from 1979492, We identi®ed 46
separate local air regulations, many affecting multiple industries, and tracked their
adoption and compliance dates as well as dates of increased stringency. We used
local regulatory code books, the SCAQMD library, interviews with regulators and
regulatees to establish the timing and coverage of regulations. Regulations were
maiched to industries using the text of the regulation, our understanding of
production technologies, and information provided by South Coast regulators.*

Manufacturing plants located in Texas and Louisiana are our primary com-
parison group because the composition of industry in those states is similar to that

A plant is a physical location engaged in a speci® line of business. Plants with 20 or more
employees are required to submit a survey form to the Census, while smaller plants are often
enumerated using payroll and sales information from the Social Securnity Admunistration and the
Internal Revenue Service. Imputed plants account for approximately 2.2% of value added (United
States Bureau of the Census, 1993).

"Industries covered are in SIC codes 2051-53, 2426, 2431, 2451-52, 2819, 2820-24, 2834, 2843-44,
2851, 2873, 2911, 2952, 2999, 3221, 3229, 3231, 3241, 3271-73, 3315, 3357, 3411, 3452, 3652, 3674,
3711, 3713-16, 3721, 3724, 3728, 3731-32, 3761, 3764, 3769.
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in the South Coast, but air pollution regulations are less stringent.” For alternate
comparison regions we used ozone attainment/non-attaimment regions according
to their 1987 status. "’

Coding regulations carries with it an inherent danger of bias. Regulations have
enough technical attributes that coding involves numerous subjective judgements.
For instance, a regulation requiring capital investment with compliance early in the
year will force a plant to invest during the previous year, so it is coded as
occurring in the previous year. If the researcher carrying out the coding has even a
vague idea of the pattern to be explained, then subjective judgement implies a
danger of (inadvertently) ‘data mining', by coding the data in a way that will help
explain variation in the left hand side variable (in our case, employment). Our
solution for is to “sequester' the data, not allowing the researcher who codes the
regulations to observe the left hand side variables. We belicve that this method of
sequestering the data is crucial to obtain unbiased inferences from micro-regula-
tory data, especially in a case like ours in which the collection and coding of
regulations is an expensive activity which does not lend itself to corroboration by
replication.

We developed an exhaustive coding of signi®cant South Coast regulations for
the 1979292 period. To achieve precision we interviewed regulators and a sample
of regulatees both personally and by telephone. Regulations are concentrated in
heavy industry (paper, chemicals, petrochemicals, glass, cement, and transport).
Regulatory data were matched to each of the two panels of plants (ASM-PACE
and COM). For c¢ach plant-year we measure the number of new regulations
adopted, new regulations that must be complied with and the number of

In discussions with several individuals, we found that this opinion was widely held by regulators in
the South Coast as well as plant engineers in companies with plants in both the South Coast and either
Texas or Louisiana. When a direct comparison was possible between regulations in the South Coast and
those in Texas and Louisiana, South Coast regulations were clearly more stringent B between two and
ten times more stringent on a per unit emissions standard basis. For example the SCAQMD ([ 1159)
requires that NO, emissions from nitric acid units be no more than 3 pounds per ton of acid per 60 min
whereas in Louisiana the limit is 6.5 pounds per ton. At present, there are no other speci®e regulations
for nitrous oxide emissions in Louisiana other than those for nitric acid units. Gas ®red steam
generators in the South Coast ([ 1146, 1146.1) are limited to between 30 and 40 ppm per MMBTUs of
heat input (0.037+0.04 1bs per MMBTUs of heat input) but in Texas (in the Dallas/Fort Worth ACQR
and Houston/Galveston ACQR) the limit is 0.25£0.7 Ibs/MMBTUs. The cost of the South Coast
regulation on gas ®red steam generators is estimated at between $9161 and $16 635 per ton in 19908,
or $3.9+$4.6M per year.

"Another measure of regulatory stringency is effort expended by the regulators, including
enforcement activities, as proxied by budgets. The SCAQMD's budget is, on average, eight times as
large as that of the Louisiana Air Quality Program and in 1999 was approximately the same size as that
of all of Texas for their Clean Air Account. Thus the South Coast spends approximately 2.5 times as
much per capita on air pollution control as Louisiana and 1.3 times as much as Texas.

"These data were kindly provided by Randy Becker of the Census Bureau Center for Economic
Studies.
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regulations with increases in stringency. For example, Rule 1112 applies an
emission standard to NO, emissions from cement kilns. The Rule was adopted in
1982 and had a date of compliance in 1986. These regulatory data are available
from the authors upon request.

For comparison plants we include in each panel all US manufacturing plants
located outside of the Basin in industries that would have been affected by
SCAQMD regulations had they been located there.

5. Estimation
5.1. Econometrics

We are interested in estimating the effect of the South Coast regulations on
employment in regulated plants.We ®rst describe the estimating equation and then
discuss how we deal with potential sources of bias.

The effect of regulation on labor demand, given by Eq. (3), can be taken to data
as:

L, 5d1f1mR _1h 1v, 1e,,. (39
The unit of observation is a plant-year. The parameter m is the effect of regulation
on employment; d, is a plant-speci® employment effect for i51, ... N, plants; f,
is a year effect for years ¢t51,...,7; h, is an industry effect for industries
J751,...,J;and v, is a region effect for regions » 5 1.R. We eliminate the
plant-speci®c effect by differencing to yield:

DL, 5Df 1mDR, ,1Dh, 1Dv, 1De,, (5
assuming employment trends Dh and Dv in industries and regions respectively.
The parameter of interest, m, can be consistently estimated if Cov(DR,,,, De,,,) 5
0.

The assumed orthogonality of regulatory change with unexplained variation in
employment change is conditional on year, industry and region indicators. This
conditioning is critical. Regulatory change is certainly bunched in particular years,
which typically have their own secular employment change. Particular industries
and regions also have their own secular patterns of employment change. The
orthogonality assumption is a claim that regulatory changes are correlated with
employment changes only through the causal effect m, once the common effects of
time, industry and region are taken into account.

The effects of /ocal regulatory change on employment are described by m. They
provide a tool for local policymakers by predicting the local employment effects of
similar regulatory changes (e.g. tightening standards for airborne pollutants). The
effect of a regulation can be interpreted as the marginal effect of imposing the
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(more stringent) SCAQMD regulations over and above the average level of
regulation (Federal and State) these industries face in the rest of the country. Since
the level of regulation varies from region to region, the estimated effects should be
interpreted as an average of separate cross-region comparisons.

Before turning to results, we discuss three potential sources of bias we believe
apply to this literature and explain how our identiRcation strategy deals with them.

5.1.1. Selection bias

This is the ®rst effort we know of to estimate the effects of local air quality
regulations directly in an analysis including comparison plants. An alternative
approach which indirectly measures these effects is to estimate (2) directly, using
abatement activity (£) as a covariate in a labor demand function. That approach
avoids the considerable effort described above of quantifying regulations but is
susceptible to selection bias. Plants may carry out PACE voluntarily even in the
absence of regulation, a phenomenon that is probably more common at plants that
anticipate small disruptions due to PACE (Gray, 1987). Such a selection bias
would tend to yield estimates which understate negative employment effects of
PACE forced by regulation, which is the relevant parameter for policy analysis.
Selection bias may explain the surprising Gray and Shadbegian (1993b) result that
PACE is positively correlated with employment.

5.1.2. Measurement error

PACE is difRcult to measure for two reasons. First, the distinction between
investments in pollution abatement capital and other new capital is often subtle
(Jaffe et al., 1995). For example, new equipment is frequently both more efRcient
and cleaner. Second, the survey form de®nes PACE as the difference between
capital investment and the counterfactual capital investment that would be made in
the absence of the need to abate. While this is exactly the de®nition an analyst
would like, it is a difRcult question for a respondent to answer. Afier years of air
quality regulation that counterfactual may be difRcult to imagine, as it is far
removed from experience. This is a type of measurement error, which, in the
regression of employment on abatement, will generally bias coef®cient estimates
towards zero.

5.1.3. Anticipatory response

An additional problem in estimating the effects of any regulatory change is that
measurement of treatment effects may be frustrated by changes in behavior in
anticipation of regulatory change (Meyer, 1995). For that purpose we measure not
only compliance dates but also the date in which a regulation is introduced into
law, typically a few years earlier. If plants adjust behavior in anticipation of
required compliance with a regulation we would expect to see that adjustment in
the adoption year. We include an indicator for that date in the set of regressors to
measure anticipatory reaction to regulation. We also questioned engineers and
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managers, who indicated that anticipatory abatement investment is unlikely, as
compliance typically involves high costs which they would not incur until it was
absolutely necessary. We estimate (5) in both annual and 5-year differences to
capture both short term and long term responses.

We describe regulations using three binary indicators, one for the year of
required compliance, a second for the year in which an existing regulation became
more stringent and a third for the date of adoption of the regulation.'® For each
indicator the coefReient estimates the average treatment effect, averaged over all
South Coast regulations introduced during this period.

5.2. Result from a balanced panel

Our ASM-PACE panel contains 18 540 plant-years in industries that would be
subject to South Coast regulations if they were located in the LA air basin. They
represent 60 500 plants in the population. The panel contains data for 1979£1991,
excluding 1983 and 1987 (for which data were destroyed and not collected,
respectively). Table 2 reports means and standard deviations, weighted by
sampling weights to re ect population statistics. The means indicate that in these
industries abatement investment and operating costs are high, averaging $103 000
and $271 000 per plant, respectively. Abatement costs vary considerably among
plants, with standard deviations an order of magnitude larger than the means. This
re ects the large costs incurred by a small number of petrochemical and chemical
plants. Note that 5.3% of plant-years are located in the LA Basin. The compliance
indicator averages 1.36%. The average year to year change in employment is 2 10,
which re ects the national contraction in manufacturing employment in heavy
industry over the 1980s. In comparison with plants in the same industries in other
regions, South Coast plants are smaller and have higher proportions of abatement
investment and operating cost to value added.”

We begin by presenting the estimated effects of regulation on employment from
Eq. (5), using changes in regulation to explain year to year changes in employ-
ment. Regulatory changes, DR,,,, take values of zero, one and sometimes two for
South Coast plants and are always zero for plants in other regions. The vector
DR, includes new regulations adopted (but which require no immediate action),
new compliance dates and dates of increased stringency of existing regulations.
While we expect the effects of regulation to occur in compliance years and years
of increased stringency, the adoption year indicator is included to allow for

"Strictly speaking these are counts, since more than one new regulation sometimes applies to a plant
in a given year, so that DR, while generally binary, can take values of up to 4 over the 5-year
differences reported for the CM below. CoefRcients should be interpreted as the average effect of a
single regulation.

"High abatement investments and operating costs in the South Coast are mostly due to increases
among re®neries beginning in the mid 1980s, as illustrated in Fig. 1.
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Table 2
PACE descriptive statistics”
Variable All Los Angeles Ozone Ozone Texas+
counties Basin attainment nonattainment Louisiana
counties counties

Air pollution abatement

Investment
Net® 103 249 56 134 213
(1875) (2961) (1041) (2330) (2745)
Gross” 141 303 80 184 316
Process” 43 134 21 55 116
End of Line’ 99 168 59 129 200
Costs” 271 539 132 379 896
(2760) (3721) (1039) (3677) (6664)
Change” 04 14 243 1.8 210
(1398) (1340) (866} (1796) (3279)
Regulatory change (counts)
Adoption 0.0073 0.143 + + +
Compliance 0.0136 0.269 + + +
Increased stringency 0.0027 0.053 + + +
Value added” 25 666 16 398 18 196 33281 29290
{100 501) (53 005) (68 987) (124 925) (95 731
Change® 2598 21195 2368 2741 213334
(50 541) (42 123) (36 580) (62 338) (71 423)
Employment 267 178 205 323 212
(867) (350) (585) (998) (533)
Change 210 26 25 215 26
(173) (117) (98) (221 (106)
LA Air Basin {%) 5.3 100 + + +
Observations 18 540 964 6973 9483 2086

‘ Notes: Means weighted by LRD-PACE sampling weights. In all, 18 540 sample observations
represent 60 500 plant-years in the population of manufacturing plants over the sample period
1979£1991, excepting 1983 and 1987 when data is unavailable. Standard deviations in parentheses.
Attainment indicates that the county is below the federal ozone guideline for ambient air quality in
1987. All plants in the LA air basin are in nonaffainment counties. Aftainment/nonattainment
classiBcation is not available for a small number of counties.

® Thousands of 1991 dollars de ated by PPL.

possible anticipatory response. Note that regulations vary widely in their spe-
ciRcations and potential effects so that estimated effects should be interpreted as
average treatment effects.

Table 3 reports estimated coefRcients. Employment effects are very small,
generally positive, but not statistically different from zero’’ The ®rst three

*We chose to estimate in levels so that aggregation to estimate program effects would be
straight-forward. These results and those that follow are qualitatively unchanged when estimated using
differences in logarithms. We did not experiment with other speciRcations when exit and entry were
involved.
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Table 3
The effect of regulation on employment®

All counties

Adoption 0.8 252 4.6 26.1
(7.1) (7.0) (6.9) (86)
( 3 Oﬂ)b + + + 6.4
(13.5)
Compliance 1.3 3.7 3.8 4.5
34 (+3) 4.1 (5.0)
(30i) + + + 2 28
(6.8)
Increased stringency 285 5.6 4.6 29
6.7 (12.3) (12.0) (15.8)
(x Oi) + + + 7.2
(17.1)
36 industry indicators + 1 1 1
50 state indicators + + 1 1
N 18 540 18 540 18 540 18 540
R’ 0.011 0.023 0.026 0.026
Program effect’ 2292 3948 3862 4100
(2938) (3590) (3487) (3413)

“ The dependent variable is plant-level employment, ®rst-differenced. Weighted by PACE-LRD
sampling weights. Each estimate includes 9-year indicators and an indicator for the South Coast Air
Quality Management District. Standard errors in pareatheses are heteroskedasticity consistent. The
mean employment change is 2 10.

"~ 30il' is in each instance a variable set to one if a regulatory change (e.g. adoption) occurred and
it affected the petroleum industry (SIC code 2911).

¢ Program effects are the sum of affected plants multiplied by estimated coefRcients for compliance,
increased stringency and their interactions with oil, where applicable.

columns indicate that these small estimated coefRcients are robust to controlling
for industry and state effects. The speci®cation allowing industry and state speci®c
year to year employment changes yields point estimates of an additional 3.8
employees in compliance years and an increase of 4.6 employees in years of
increased stringency (which occur about one ®fth as often). These estimates do not
rule out zero or negative effects of regulation on employment, but they do rule out
the large negative effects ("job loss') often atiributed to environmental regulation
in the popular press. There is no evidence that adoption dates matter, a point to
which we return, below. As so much abatement cost is incurred by re®neries, we
report separate effects for re®neries and non-re®neries, which are also all small.

Panel A of Fig. 3 illustrates why these estimates are controversial and how the
use of comparison plants in uences inference. It plots employment change in the
36 regulated industries in the South Coast from 1980 through 1991. The
accelerated decline in employment in 1990 and 1991 of tens of thousands of
workers has been attributed to air quality regulations. Each new compliance date
with a South Coast regulation is marked with a "C' and the single increased
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Fig. 3. Employment change in the South Coast Air Basin.

Note: The ®gure illustrates the effect of

allowing industry-speci®c trends in employment to explain employment change in the 36 regulated
industries of the South Coast. Panel A plots aggregate employment change and the sum of residuals for
South Coast plants from a regression of changes in employment on indusiry and year effects (as in Eq.

(5) but excluding regulation variables. The sample includes

the 36 industries in all of US manufactur-

ing, as in Table 3. "C" and 'I' indicate compliance and increased stringency dates for nonreRneries.

Panel B plots aggregate employment and sums of South Coast residuals from a regression of changes in
employment on industry and year effects for ®ve different samples (as in Table 4) the US, the South
Coast, Ozone Attainment regions, Ozone Nonattainment regions and Texas+louisiana. Aggregates are

calculated using PACE-LRD sampling weights.
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stringency date with an 'I'. Only regulations applying ouiside re®neries (SIC 29)
are marked as reRnery employment is relatively small and shows little variation
over this period. Ten of 16 compliance and increased stringency dates occur in
1990+91, so it is not surprising that environmental regulations were ®ngered as the
cause of the employment decline.

The second series illuminates how the estimates in Table 3 exonerate air quality
regulations. We constructed that series by ®rst regressing changes in employment
on year and industry indicators, as in column 2 of Table 3, excluding regulation
variables. We then summed the employment change residuals for the South Coast,
creating an employment change series net of national period effects and national
industry-speci® employment trends. That series shows no decrease in employ-
ment in 1990 or 1991, indicating that the heavy job loss experienced in the South
Coast in those years is due to a high proportion of declining industries. Once
national industry-employment trends are netted out, there is little job loss left for
local regulations to explain.

The coefRcients on compliance and increased stringency dates can be used to
estimate the cumulative effect of the set of 1980+1991 environmental regulations
of manufacturing plants in the South Coast, reported in the last row as the
‘program effect.’ The point estimate using the speci®cation in the rightmost
column is a 4100 person increase in employment with a 95% con®dence interval
ranging from 3570 jobs lost to 11 770 jobs gained. Using the lower bound of that
conRdence interval as a worst case, job loss due to regulation was probably less
than 3570 P a small number, having the same order of magnitude as the estimated
annual rate of excess deaths from being out of compliance with national standards
in the mid 1980s.

Interpretation of these coefRcients as the causal effects of regulation depends
critically on the assumption that, in the absence of regulation, the treated plants
would have behaved like the comparison plants, conditional on industry, region
and year. Industry indicators are good predictors of the propensity of comparison
plants to be treated (i.e. subject to South Coast regulations) had they been located
in the South Coast, since industries share production technologies across regions *'
and since the incidence of regulations is based either on process or directly on
industry.

A possible weakness of our approach is that a small number of our comparison
plants may be subject to some degree of region-speci®c environmental regulation
that is promulgated at the state level’® Thus, the treatment effects estimated must
be interpreted as the effects of the difference between South Coast regulations and
the average level of a small number of location-speciRc state regulations in
comparison regions. We address this issue in two ways. First, since location-

*In interviews, production engineers indicated that they used largely the same capital goods as
competing ®ms and as plants in the same ®rm in other regions.
**When these location-speciB®c regulations exist, they are targeted at plants in non-compliance areas.
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speci®c state regulations are triggered by non-compliance with federal air quality
standards, we compare (the treated) South Coast plants with plants in both
attainment and non-attainment regions for federal ozone standards in 1987. Since
we expect that non-attainment regions have more stringent local regulations, on
average, the contrast between their outcomes and those of the South Coast plants is
particularly interesting. These are also the regions for which the results are most
relevant, as they arec most likely to adopt the more stringent South Coast
regulations.

Our second approach is to draw comparison plants from Texas and Louisiana,
which have a pollution intensive industrial mix, with large petroleum re®ning and
heavy industry sectors. Unlike the South Coast, these two states bene®t from
topological and climactic conditions that make them much less prone to accumu-
late ground level ozone We directly compared state regulations in these two states
with the local regulations in the South Coast and found that they were much less
stringent (sec footnotes 15 and 16).

Table 4 describes the outcome of both approaches. The lefimost column reports
estimated coefReients using the South Coast plants only, with comparison plant-
vears limited to the same plants in years for which they do not have compliance
and increased stringency dates. Point estimates suggest that regulated plants had
faster employment growth in years with new compliance and increased stringency

Table 4
The effect of regulation on employment: alternate comparison regions”

LA Air Basin and . ..

LA Ozone Ozone Texas+ All
Air Basin attainment nonattainment Louisiana counties
only counties counties

Adoption 219 239 240 0.5 4.6
6 (6.8) 74 (7.0) 69)

Compliance 5.8 39 39 34 3.8
4.6) (3.6) (4.9) 4.1 4.1

Increased stringency 9.0 235 13.8 212 4.6
(16.4) (8.6) (15.2) (12.5) (12.0)

36 industry indicators 1 1 1 1 1

50 state indicators + 1 1 + 1

N 964 7937 10 447 3050 18 540

R’ 0.050 0.023 0.033 0.022 0.026

Program effect’ 6219 2643 5424 2652 3862
(3870) (3188) (4094) (3673) (3487)

* Dependent variable is plant-level employment, ®rst-differenced. Weighted by PACE-LRD sampling
weights. Each estimate includes 9-year indicators and an indicator for the South Coast Air Quality
Management District. Standard errors in parentheses are heteroskedasticity consistent. The mean
employment change is 2 10.

" Program effects are the sum of affected plants multiplied by estimated coefBcients for compliance,
increased stringency and their interactions with oil, where applicable.
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dates than in other years, (thought the effect is not statistically signi®cant). The
other columns report estimates which contrast employment growth for South Coast
plants with employment change in planis in the same industries in comparison
regions. That contrast generally reduces the estimated employment effects slightly,
but does not make them signiRcantly negative in any case. Estimated program
effects are all positive, with lower bounds on their conRdence intervals predicting
small employment losses at worst. The conclusion from comparisons with plants
in attainment countics, non-attainment counties and the relatively unregulated
States of Texas and Louisiana is always the same: employment effects are fairly
precisely estimated and small. This robustness to the choice of comparison groups
is illustrated in panel B of Fig. 3, which plots employment change as in panel A
and net employment change using cach of the ®ve comparison groups in Table 4.
All ®ve comparisons yield the same conclusion: secular industry effects alone can
explain the rapid decline in South Coast employment in 1990 and 1991. This is
true even when these trends are estimated using as a comparison region ozone
attainment counties that were subject to neither South Coast nor other local
regulations.

Considering these small and statistically insigniRcant employment effects a
legitimate question is whether environmental regulation did anything economically
signiRcant in manufacturing plants. In terms of Eq. (4), was there a '®rst stage'
effect of regulation on abatement and output? Fig. 2 provided one response,
showing that regulations induced reduced emissions. It reported sizeable NO,
emissions reductions in regulated South Coast plants after 1985, in both reR®neries
and non-reRneries, much faster than the reductions in unregulated South Coast
plants. Table 5 provides another response, showing the result of estimating the
analogous equation to (5) for abatement investment. It is estimated in ®rst
differences with year to year changes in abatement capital (net abatement
investment) on the left hand side and DR on the right. The resulis show that
compliance and increases in regulatory stringency have large and signiRcant
effects on abatement investment. The units are thousands of dollars (constant
1991%) so that the coefRcient on compliance in the lefimost column implies
$583 000 of capital investment induced by each new regulation per affected plant.
The estimated effect of increased stringency is larger, but somewhat less precisely
estimated. The point estimates in column I indicates that increased stringency
induces an additional $2M in investment per plant. These results are robust to
changes in comparison regions. Those coefRcients clearly indicate that the South
Coast regulations imposed large costs on manufacturing plants.

The ®rst row indicates no evidence that adoption of regulations has any effect
on abatement investment. The evidence is weak, but consistent with the opinion of
environmental engineers we interviewed, who reported that anticipatory invest-
ment was unlikely because the high cost of abatement investment.

Our key results on the effect of regulation on employment in Tables 3 and 4
above can be thought of as reduced form estimates of Eq. (4), for which the
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Table 5
The effect of regulation on air pollution abatement investment®
Ozone Ozone Texas+ All All
attainment nonattainment Louisiana counties counties
counties counties
Adoption 2169 2221 2299 2170 237
(194) (178) {193) {(187) (43)
(30i)° + + + + 442
(572)
Compliance 583 522 566 553 217
(238) (225) (234) (234) 39
(30i) + + + + 2730
(1052)
Increased stringency 1988 1676 1882 1807 2256
(1056) (1026) (1063) (1044) (147)
(301 + + + + 7016
(2937)
36 industry indicators 1 1 1 1 1
50 state indicators 1 1 + 1 1
N 7937 10 447 3050 18 540 18 540
R’ 0.057 0.657 0.073 0.041 0.058
F-statistic® 4.61 3.96 4.10 4.24 4.77
@ (0.01) (0.02) (0.02) (0.01) (0.001)
Program effect’ 802 907 701 842 771 881 748 772 415 164
(265 037) (251 221) (271 544) (258 065) (120 721)

* Dependent variable is plant-level pollution abatement capital investment (air), ®rst-differenced.
Weighted by PACE-LRD sampling weights. Each estimate includes 9-year indicators and an indicator
for the South Coast district. Standard errors in parentheses are heteroskedasticity consistent. The mean
of net air pollution abatement investment is 103 (1000s of 19913s).

®~ 3 0il' is in each instance a variable set to one if a regulatory change (e.g. adoption) occurred and
it affected the petroleum industry (SIC code 2911).

¢ The F-statistic reports the results of an F-test of the hypothesis that the coefRcients on compliance
and increased stringency are jointly equal to zero. The number in parentheses is the signiRcance level at
which that hypothesis can be rejected.

¢ Program effects are the sum of affected plants multiplied by estimated coefBcients for compliance,
increased stringency and their interactions with oil, where applicable.

estimates in Table 5 arc a ®rst stage. Those reduced form estimates would be
subject to the same biases we seek to avoid in OLS estimates if the ®rst stage had
only a weak correlation between regulatory change and investment (Bound et al.,
1995). For that reason we report near the bottom of Table 5 an F-test of the joint
hypothesis that the coefR®cients on both compliance and increased stringency are
zero. The F-statistics are all around four, indicating negligible bias in the reduced
form (Bound et al., 1995, Table Al).

The rightmost column reports estimates allowing separate slopes for oil
re®neries, implying that the positive aggregate effects of investment are entirely
due to multimillion dollar investments by oil re®neries (SIC 2911), with the
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effects for other industries insigni®cantly different from zero. These contrast with
the results in Fig. 2, which ®d NO, reductions in both reRneries and in other
regulated industries.

Table 6 repeats that procedure for abatement operating costs and value added
respectively. We ®nd no evidence that regulatory change has any effect on
abatement operating costs or value added. The data may be uninformative because
differencing the levels of abatement cost and value added exacerbates measure-
ment error. Measurement of abatement operating costs is especially suspect
because its variation from year to year seems to be unreasonably high.

Taken together, the results in Tables 3+5, and Fig. 2 provide an interesting
contrast. Though air quality regulation induced large investments in abatement
capital in oil reRneries, and NO, reductions in general, what little effect it had on
employment seems positive, if anything. The evidence of a "Rrst stage' effect of
regulations on abatement, together with evidence of reduced emissions, indicates
that the regulations did indeed impose real costs on manufacturing ®rms, but did
so with no detectable loss of employment.

Table 6
The effect of regulation on abatement operating costs and value added”

Air pollution abatement operating

costs ($10600s) Value added ($1000s)
LA, Texas, All All LA, Texas, All All
Louisiana counties counties Louisiana counties counties
Adoption 255 285 213 213315 211958 2533
(285) (239) (14) (5567) (5178) (1639)
(301’ + + 2158 £ £ 246 123
(1101 (19 811)
Compliance 71 86 212 6320 5748 486
(126) (113) (10) (3419) (3210) (963)
(30i) + + 688 + + 16 737
(451) (16 027)
Increased stringency 2500 2508 215 214 2992 21935
(452) (416) (19) (10 238) (8983) (1663)
(301 + + 22168 + + 1094
(1454) (35 642)
36 industry indicators 1 1 1 1 1 1
50 state indicators + 1 1 + 1 1
N 3050 18 540 18 540 3050 18 540 18 540
R’ 0.003 0.001 0.002 0.012 0.010 0.011

* Dependent variable is plant-level pollution abatement operating and maintenance costs (air),
Rrst-differenced. Weighted by PACE-LRD sampling weights. Each estimate includes S-year indicators
and an indicator for the South Coast Air Quality Management District. Standard errors in parentheses
are heteroskedasticity consistent. The mean change in air pollution operating costs is 0.4 (1000s of
1991%s) and the mean change in value added is 598 (1000s of 19918s).

3 0il' is in each instance a variable set to one if a regulatory change (e.g. adoption) occurred and
it affected the petroleum industry (SIC code 2911).
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5.3. Entry and exit analysis using the census of manufactures

Environmental regulation may in uence employment by inducing plants to exit
or dissuading them from entering into production. A limitation of the ASM results
above is that entry and exit are not recorded in a panel of continuing plants so that
potential employment effects of regulation have gone unmeasured” Cost-mini-
mizing behavior predicts that employment effects are more likely to be negative
through induced exit and dissuaded entry than they are for continuing plants (Eq.
(4)), since technical complementarity between abatement and employment requires
production’’ To capture the effects of regulation through exit and dissuaded entry
we turn to the quintennial Census of Manufactures, the most complete data on
manufacturing employment available from any source. As before, our sub-
population includes plants which would have been subject to South Coast
regulations had they been located in the South Coast. Comparison regions
represent counterfactual patterns of employment change, including entry and exit,
which would have occurred in the South Coast in the absence of regulations.
Pooling all three types of employment change, we cstimate the effects of
regulation through forced exit, dissuaded entry and changes in employment in
continuing plants.

One weakness of the Census to Census comparison is that over a 5-year period
other events may occur in regulated industries in the LA Basin or elsewhere that
confound analysis of the effects of regulation. One such event is the sharp decrease
in orders for defense-related goods as the federal government reduced spending on
*Star Wars' and other programs. This led to considerable job loss in the aerospace
industry, which is disproportionately concentrated in Southern California, an
industry that was subject to two relatively minor environmental regulations in the
1987492 period. Most of these industries were affected by one VOC regulation
concerning coatings, which had a compliance date of January 1993, long after their
sharp downturn in employment. To control for uctuations in defense procurement
we use a sub-population of regulated industries in the CM to exclude the aerospace
and shipbuilding industries”

The effect of changes in regulation on changes in employment in Eq. (5) is
estimated for departing and entering plants as follows: plants entering are assigned
zero employment in the census year before they appear and plants departing are
assigned zero employment in the census year after they exit. Employment levels
are then used to calculate ®ve year differences for all plants, including continuing

“The Annual Survey of Manufacturers changes its sample of smaller plants periodically so that entry
and exit are not well observed and are practically indistinguishable from plants joining and leaving the
sample.

**Regulation could also induce entry of plants which produce abatement producing equipment. None
of the industries covered by the South Coast regulations fall into that category.

**Berman and Bui (1997) provide further analysis of employment trends in defense industries.
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Table 7
Census of manufactures: regulated industries 1977, 1982, 1987, 1992 excluding aerospace and
shipbuilding®

Variable All Los Angeles Ozone Ozone Texas+
counties Basin attainment nonattainment Louisiana
counties counties

Regulatory change

Adoption 0.023 0.34 + + +
Compliance 0.037 0.54 + + +
Increased stringency 0.008 0.12 + + +
Value added” 5641 3693 4866 6846 7252
(43 812) (17 584) (53 685) (124 925) (40 402)
Change® 1572 896 1513 1811 1926
(24 204) (10 733) (28 584) (62 338) (24 189)
Employment 68.6 51.5 65.1 76.6 69.5
(328.2) (148) (397.6) (998) (245.5)
Change 221 215 1.9 253 208
(158.6) (8L.7) (195.9) (221) (113.4)
LA Air Basin (%) 6.7 100 + + +
Observations 142 613 9604 68 294 77 898 10 933

“A total of 142 613 observations of 5-year differences, covering the periods 1977482, 82+87,
87+92. Value added and employment levels are based on observations for the years 1982, 1987 and
1992. The sub-population includes all 46 regulated industries listed in Table A2 with the exception of
six aerospace industries and shipbuilding (SIC codes 3721, 3724, 3728, 3761, 3764, 3769 and 3731).

® Value added is reported in thousands of constant 1991 dollars.

plants. Note that this method also allows an estimate of a longer term response
over the 5-year intervals.

Table 7 reports three periods of 5-year changes in employment: 1977+82,
1982+87 and 1987+92. Average employment change for a plant over these S-year
periods was 22.1 employees, including employment increases for entrants and
decreases for exits. Regulatory change is added up for the 5-year intervals between
Census years. Plants outside the South Coast are assigned no increase in
regulations over the 5-year intervals. Plants in the South Coast had between zero
and ®ve new compliance dates for regulations. The average for all plants was
0.037 new compliance dates and 0.008 dates of increased stringency.

As in the PACE-LRD sample, comparison regions are chosen with varying
levels of state regulation. Table 8 reports estimates of Eq. (5) which allow for exit
and entry. The ®rst column reports results including all (non-defense) plants,
including entrants and exiting plants. Employment effects per new compliance
regulation vary from 12.8 (for the TexastLouisiana comparison group) to 224
(for non-attainment counties). Effects of increased stringency vary from 15.6 to
23.2.

The fourth column reports results for the entering and exiting plants only, using
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Table 8
Effects of regulation on employment between census years 1977482, 1982+87, 1987492: alternative
comparison regions”

LA Air Basin and ...

Ozone Ozone Texas+ All All counties

attainment nonattainment Texas+ Louisiana counties (including

counties counties Louisiana entry/exit only aerospace)
Adoption 205 5.4 229 218 34 6.6

2.0 2.2) 2.2) 2.8) 2.0) 6.1
Compliance 211 224 2.8 3.1 220 283

(1.3) (1.4) L4 a9 (13) @7
Increased stringency 23.2 5.6 222 233 1.6 11.3

(3.7) (3.8) @2 (69 335) (@D
Industry indicators” 1 1 1 1 1 1
State indicators” 1 1 1 1 1 1
N 63 154 77 898 20 537 12 107 142 613 151 908
R’ 0.009 0.008 0.009 0.015 0.005 0.003
Program effect® 29589 26140 12 266 7047 28860 234286

(8545) (8678) (9632) (8348) (8303) (23 479)

* Heteroskedasticity-consistent standard errors in parentheses. The sample is described in Table 7.
Dependent variable is 5-year changes in plant-level employment.

® All columns include 39 four-digit industry indicators except for the rightmost, which includes an
additional seven in aerospace and shipbuilding. These seven industries are subject to a relatively minor
VOC regulation with a compliance date in the ®rst quarter of 1993,

 From the lefimost column, the number of state indicators is respectively 42, 32, 2, 51 and 51
(including Puerto Rico). All columns include a separate indicator of the South Coast.

¢ Program effects are the sum of affected plants multiplied by estimated coef®cients for compliance
and increased stringency.

the LouisianatTexas comparison group for which we are most con®dent that there
is relatively little local air quality regulation. Surprisingly, we ®nd coefRcients of
similar size for exitors and entrants on the one hand and for continuing plants on
the other’® The effects for both entry/exit and continuing plants are small, positive
and not statistically distinct from zero. This positive point estimate on compliance
is a little surprising for the exit/entry sample (though statistically insigniRcant)
especially since it is larger than that estimated for continuing plants. (This is true

**There is a large potential for misclassi®ation of continuing plants as entrants and exits in the
Census but that misclassi®cation should not bias our estimates. Though the Census includes all plants it
is not designed for longitudinal study, so that plant identiRers may change between waves of the
Census, leading a continuing plant to be falsely classi®ed as an exitor and an entrant. For example, if a
continuing plant has employment decrease from 55 to 50 employees over the 5 years between Censuses
employment change should be recorded as 2 5. If its identi®cation number is changed between Census
years it will be mis-classi®ed as an exiting plant with 55 employees and an entrant with 50. We can't
think of a reason why this misclassi®Rcation would be correlated with regulatory change so we are
con®dent that it does not bias the reported estimates.
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for the full sample as well, though not reported.) While it may be due to
misclassi®cation of continuing plants as exit/entry combinations, it underlines the
®nding of no large negative employment effect through induced entry and exit.
Other comparisons (not reported) yield similar results.

The ®nal column reports the effect of ignoring the bias due to a procurement
drop in the South Coast and including defense-related industries. That estimate
would imply large negative employment effects. As discussed in connection with
Fig. 3, the confusion between the effects of decreased defense contracts and
environmental regulation may be why regulation was falsely implicated in the
employment loss in South Coast manufacturing.

Overall, these coefRcient estimates are more negative but statistically in-
distinguishable from the estimates based on annual employment and regulatory
change reported in Tables 3 and 4 above, providing corroboration of those results
in a different data set, over a longer time period and including exit and entry
effects. The similarity of the annual and quintennial results is evidence that these
estimated employment effects are not subject to measurement error bias or
confounded by lagged or anticipated response. As in the annual data, neither of
these ®gures is statistically different from zero, but the standard error is small
enough to rule out large employment effects, both positive and negative.

The coefRcients allow a fairly precise estimate of the cumulative effect on
employment of the 1980+92 period of air quality regulation in the South Coast:
point estimates range from 9600 jobs lost when compared with attainment
counties, to 12300 jobs created when compared to Louisiana and Texas
(excluding the last column which includes acrospace industries). The 95%
conRdence interval in the worst case is {226 338, 7160] and in the best case is
[26613, 31 145], so that at standard levels of con®dence we can bound the
employment effects of the entire program between about 26 000 jobs lost and
31 000 jobs gained’’

Comparing the Census estimates of employment effects to those in the annual
ASM-PACE samples, the latter are generally more positive. While the Census
estimates have the advantage of broader coverage, including eniry and exit effects,
they are also reported at lower frequency, increasing the probability of a
confounding secular industryxregiontperiod event, such as the drop in defense
procurements. Finally, they are not completely comparable since they include an
extra year of regulation, in 1992. Nevertheless, the Census estimates generally
reinforce the conclusion of small employment effects found in the ASM-PACE
data in Tables 3 and 4. Air quality regulation in the South Coast did not cause
large scale job loss even when dissuaded entry and exit and longer term
adjustment are taken into account.

*"Berman and Bui (1998) report several other speciReations, all yielding small positive employment
effects for the sample excluding aerospace.
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6. Conclusion

The local air quality regulations introduced during 1979492 in the Los Angeles
Basin were not responsible for a large decline in employment. In fact, they
probably increased labor demand slightly. We reach that conclusion by directly
measuring regulations and comparing changes in employment in affected plants to
those in comparison plants in the same industries but in regions not subject to
South Coast regulations. Our ability to construct appropriate comparison groups in
regions without local regulation is the key to identifying treatment effects and to
establishing the robusiness of these estimates.

Reduced form estimates alone are uninformative about why these employment
effects are small. One possible explanation is that the program had no economic
cffect on the subject plants. That possibility, however, is ruled out by our
considerable evidence of induced abatement investment in reRneries and of
induced abatement of NO_ emissions in both regulated re®neries and regulated
non-re®Rneries.

Another possible explanation for small employment effects is that South Coast
regulations targeted capital intensive industries with relatively little employment.
This is certainly true of oil re®neries but also true of chemicals, cement,
transportation and other heavy manufacturing. Thus, our conclusions may extend
to environmental regulation in other regions only to the extent that they affect
capital-intensive industries (which they often do).

Plant visits and phone surveys support another explanation (suggested by
theory) that, on the one hand, output effects of regulation may be small, while on
the other, that labor and abatement activity are compliments. Most managers we
spoke to thought that the introduction of abatement technology increased labor
demand. While all complained about the nuisance of dealing with regulators and
complying with regulations, few complained about lost demand for their product.
We speculate that this is because these plants sell to local markets and face little
competition from unregulated plants (in the oil and chemical industries).

Our estimates of zero employment effects contradict the conventional wisdom
of employers (mostly outside of re®ning) that environmental regulation "costs
jobs' (Goodstein, 1996) so a comment is in order. Beyond posturing in public
debate, employers may honestly overestimate the job loss induced by a pervasive
regulation by confusing the ®m's product demand curve with that of the industry.
The former is more price clastic due to competition from other ®rms. If all ®rms in
the industry are faced with the same cost-increasing regulatory change and product
demand is inelastic, the output of individual ®rms may be only slightly reduced. In
that case, the negative effect on employment through the output elasticity of labor
demand may well be dominated by a positive effect through the marginal rate of
technical substitution between PACE and labor, leading to a net increases in
employment as a result of regulation.

We also ®nd ecvidence that plants induced to respond to envirommental
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regulation only do so at the latest possible moment P adoption dates have no
discernible effect on a plant's investment whereas mandatory compliance dates
have a strong effect. This is not surprising given the large capital investment
associated with coming into compliance with a given regulation.

Though the public debate has centered around employment effects, a full
accounting of the costs of regulation should properly focus on the effects of
regulation on productivity and the bene®ts in health and other outcomes. Related
research on South Coast re®neries (Berman and Bui, 1998) has found productivity
gains between 1987+92, in contrast to declining productivity in comparison
regions. A symmetric analysis of the bene®ts of the South Coast regulations in
improved air quality and health outcomes of residents would form the basis for a
much more complete economic evaluation of this important and unprecedented
episode in air quality regulation.
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Climate Policy and Corporate Behaviour

1. Introduction

With increasing emphasis on environmental regulation in the industrial sector in
recent years, it is important to understand the impacts of such measures on firm
productivity and investment behaviour. While much attention has been focused on the
environmental benefits of differing climate policies, there is relatively little empirical

evidence of their impact on company behaviour.

In this paper, we are interested in the effect of energy and carbon taxes on various
measures of corporate behaviour and performance. Using firm level micro-data, we
focus on the influence of these taxes on the employment levels, investment behaviour

and productivity of European companies for the years 1996 to 2007.

Theory provides conflicting guidance as to the likely effects of environmental
regulation and taxes on firm behaviour and performance. Taxes represent additional
costs for a firm, and as such would be expected to be a constraint on their production
possibilities and thus reduce profits. However, when faced with higher environmental
taxes, firms may seek to reduce their costs by locating in “pollution havens” or
countries where environmental standards or regulatory costs are relatively low. This is

known as the pollution haven hypothesis.

Other models stress the importance of the availability of clean natural resources as
factor inputs, which could help to improve the production possibilities of firms (factor
endowment hypothesis). Equally, technology innovation as a result of increased
regulation is also considered a potential outcome. According to the Porter Hypothesis
(Porter 1991; Porter & van der Linde 1995), environmental regulation provides
incentives for companies to innovate, which can increase competitiveness and
productivity. Both the factor endowment and Porter Hypotheses imply that
environmental stringency may lead to improvements in the performance of firms as

well as advancing environmental goals (Wagner 2003)
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There is also some previous empirical research into the impact of environmental
regulation on company behaviour and performance. Leiter ef al. (2009) study firm
investment decisions in response to environmental protection measures. Using
European industry-level panel data, they find a positive but diminishing impact of
environmental stringency on investment. Average elasticities of around 0.15 for
industry expenditure on environmental protection and 0.06 for country revenue from

environmental taxes are found.

Veith ef al. (2008) examine the impact of the EU ETS on capital market responses in
the power generation sector. Returns on common stock in this sector are found to be
positively correlated with rising prices for emissions rights. This indicates that the
ETS increases profits, as firms pass on or even overcompensate for regulation costs in

prices charged to customers, thus increasing their profitability.

A study undertaken as part of the EU COMETR study, Enevoldsen (2007), includes
an analysis of eight sectors in seven European countries. The results show a slightly
negative effect of energy taxes on competitiveness and output. However, Henderson
and Millimet (2005), using a US sample, find insignificant effects of environmental

stringency on state-level output.

While most of the previous literature is undertaken at country or industry level, there
has been relatively little research undertaken using firm level micro-data. Anger and
Oberndorfer (2008) assess the impact of the EU ETS on firm performance and
employment. Using a sample of German firms, they do not find an effect of the
relative allocation of emission allowances on firm revenue and employment in 2005.
Martin et al. (2009) investigate the effect of a UK energy tax, the climate change levy,
on the manufacturing sector using firm panel data. However, they find no significant

impacts on employment, gross output or total factor productivity (TFP).

Economic theory and previous empirical research suggests conflicting or ambiguous
outcomes of environmental policies on corporate performance. The pollution haven
hypothesis would suggest decreased employment in more stringently regulated

sectors, and the assumption that taxes cause additional cost burdens on firms would
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equally point to decreased productivity and profitability. However, the Porter
Hypothesis and Factor Endowment theory suggest otherwise. They indicate the
potential for increased output and TFP due to the availability of clean natural

resources, or to increased innovation.

However, we can see from previous empirical work that these findings vary widely,
based on which sectors and countries are included in the analysis. The literature finds
conflicting or insignificant results for competitiveness, employment and investment
amongst different country and industry samples. The type of regulation is also
important to take into consideration, as energy taxes are expected to be more efficient
than some other forms of regulation, such as command-and-control approaches. For
this reason it is important to utilise data at the most disaggregated firm level, and to
undertake cross-country and cross-industry analysis in order to examine the validity of

these conflicting viewpoints.

In this paper, we make use of cross-country firm level panel data, for a large sample
of European companies. In order to test the differing hypotheses, we examine how
firms in different industries adapt their structure and behaviour in response to energy
taxes and the introduction of the EU Emissions Trading Scheme. We assess the
effects of such environmental policies on employment, investment and productivity

over a twelve year period.

2. Data

The data employed in this paper is firm-level panel data for a range of European firms
across various sectors, provided in the AMADEUS database. This database contains
financial and economic information for approximately 11 million firms across Europe.

The dataset we used covered the years 1996 to 2007.

From this we construct four dependent variables, representing several measures of

corporate performance. These include:
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+ Total Factor Productivity (TFP)
* Number of employees
+ Investment (calculated as change in tangible fixed assets minus depreciation)

* Return on capital employed

While our main data source i1s the Amadeus database, additional indusiry and country
level variables are collected from a range of sources, such as the OECD, Eurostat and

the International Energy Agency.

Energy tax data is sourced from the Eurostat environmental accounts. These consist of
taxes on energy products such as petrol, diesel, fuel oils, natural gas, coal and
electricity. CO, taxes are also included where applicable. Both energy taxes at time z,
as well as lagged energy taxes, are incorporated into cach model. Firms covered under
the EU Emissions Trading Scheme are indicated by a binary variable, given a value of
1 for all sectors included in the scheme since its introduction in 2005, and O for all

other sectors.

In addition, labour cost shares at country level, calculated as total country labour costs
as a proportion of output, are collected from the OECD and included as independent
variables in both the employment and TFP models. Other determinants of TFP are
also included as controls. Educational attainment at country level (the proportion of
people aged 25-64 with a third level education), national output gap, and the import
intensity of each industry were obtained from the OECD. Electricity prices per

country, from the Intcrnational Encrgy Agency, arc also included.

We use TFP as our productivity measure since changes in TFP directly reflect
efficiency gains due to the reorganization of production processes (Factor Endowment
Hypotheses) as well as the introduction of new technologies or innovations related to
improvements of a firm’s energy efficiency (Porter Hypotheses). We derive TFP of

firm j in sector s at time 7 as a residual from a production function in logs:
—nk I
yjsr _Bskjsl+lejsr+ai+ns+ur+8jsl (2)

where ,, denotes a firm's real value added, & ;, the real physical capital stock and

st

/ ;s the labour input, ., is a vector of country specific effects, 1, a vector of
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industry specific effects, L, a vector of year specific effects, B = (ﬁ k B’ ) a vector

1

of average input clasticities, and € , an error term.

Jst

We estimate (2) to obtain empirical measures of the average input elasticities 3 from

firm level data. We account for heterogencous input elasticities across three-digit
(NACE) industry levels in that we estimate the marginal input effects separately for
cach of the three-digit industries. Note, however, that we pool the observations in
cach three-digit industry across countries in order to obtain sufficient information for
robust production function estimations per industry. We believe that this is a relatively
minor restriction on the data since average input elasticities for three-digit industries
are typically found to be relatively homogencous across European countries.
Obtaining the estimates for the average input elasticities for each three-digit industry
allows us, together with the information on y, &, and / of each individual firm, to
compute residual TFP measures at the firm-level. However, the estimation of (2)
involves an endogeneity problem which is well-known in the literature on production
functions estimation. That is, a firm's demand for labour is expected to depend on its
contemporaneous productivity level which is unobserved and hence captured in the
error term. In such a case, the estimated input elasticities would be biased.
Appropriate instruments for labour services that are uncorrelated with productivity are
typically not available. Being aware of this problem, we consistently estimate (2)
following Olley and Pakes (1996) who propose a semi-parametric estimator to correct
for this simultaneity bias by imposing additional restrictions on the data. In particular,
the authors use changes in firm’s investment decision as a proxy for the productivity
shock. The method supposes that a firm's investment decision is a function of its
capital stock, age, and its unobserved productivity. Hence, the unobserved
productivity parameter can be modeled as some (inverse) function of investments,
capital, and age given the assumption of a monotonic relationship between investment
and productivity. We apply this methodology to derive consistent estimates of the

average input elasticities in our sample.

Variable definitions and sample means are presented in Tables 2 and 3 below.

! Real variables are obtained deflating by the national output price deflators. Unfortunately, price
deflators were not available at the industry level for most of the countries.
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3. Methodology

We have estimated four models, each exploring a different aspect of company
behaviour or performance. First, our model of employment tests the suggestion that
these taxes weaken the incentive to use capital due to high energy-capital
complementarity, with firms switching to more labour-intensive activities. However,
decreased employment may also be observed in heavily regulated sectors, as firms
seek to minimise their costs by moving towards countries or industries with lower
levels of stringency. Labour costs are included in this model, to control for differing
labour costs across countries over time, which may otherwise be driving the change in

a firm’s number of employees.

Total factor productivity measures the component of output that arises from factors
other than capital and labour. This is often regarded as the impact of technology
innovation on firm performance. In this case, energy taxes may have a positive or
negative effect, depending on which of the previously outlined theories of
environmental regulation are seen to hold. This model controls for additional TFP
determinants such as education levels, the gap between actual and potential GDP
(output gap), and the import intensity of the specific sector. While import intensity
and education, representing higher human capital levels, would be expected to
increase TFP, we expect the output gap variable to have a negative sign. Although
firms may be expected to innovate and reorganise when operating in a country with an
increasing output gap, there may be a loss of knowledge capital in such countries,
which tend also to have high unemployment levels. Moreover, some forms of labour
input that tend to increase in a capacity-constrained economy (e.g. overtime working)
may be omitted from the measure of labour inputs and thereby boost TFP when the
output gap is shrinking. On balance, these effects are likely to imply that increasing
the output gap will negatively influence firms” TFP levels. Electricity prices are also

included and are expected to have a negative effect on TFP.

Return on capital employed is included as a profitability indicator. Energy taxes
would be expected to decrease profitability under the assumption that taxes act as an

additional costs on doing business. Finally, our fourth company behaviour variable is
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investment. If energy taxes have similar effects to taxes on capital, there would be an
expected negative sign on these coefficients in the investment model, as firms
substitute capital for labour. The pollution haven hypothesis also points towards
negative effects on investment. However, the Porter Hypothesis would suggest that
firms facing increased regulation would have an incentive to innovate and invest in
new technology in order to improve productivity. This would suggest increases in
investment due to energy taxes. However, it is necessary to empirically examine these

in further detail in order to test the competing theoretical stories.

In order to control for unobserved time- and company-specific heterogeneity, we use
panel regression analysis. We allow for sectoral variations in energy tax effects by

including sector-tax interaction terms for energy tax levels and lagged tax levels.

Many of the variables included exhibit some intertemporal persistence or are non-
stationary (e.g. investment, employment), so estimating the models in levels would be
expected to lead to substantial residual serial correlation. To avoid this, we estimate
the regressions in first differences. The coefficients may thus be viewed as

representing equilibrium values.

4. Results

Since the focus of interest for this research is on tax effects, we first present estimates
of the tax effects by sector for each model. Later in the section we discuss other

explanatory variables.

Tax effects

Sectoral variations in tax effects feature prominently in all four models. These are
calculated for each sector by adding the tax coefficients and the tax-sector interaction
coefficients for both the current period and lagged taxes. The results for TFP are
shown in Figure 1 below. The figure shows the percent change in the TPF growth
rate for each sector associated with a 1% tax increase. Thus a 10% tax increase would

be associated with a 10% fall in the TFP growth rate for the tobacco sector. If TFP in
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this sector would otherwise grow by 2%, this implies a lower growth rate of 1.8% due

to the tax change.
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Figure 1: Average partial effect of 1% rise in energy taxes on TFP growth by sector

TFP growth is positively associated with energy taxes in some sectors, but reduced in
others. This provides some evidence for Porter Hypothesis effects, but only for
selected sectors. Primary resource sectors such as coal, metal, oil and gas extraction
benefited from higher TFP growth, along with a range of manufacturing sectors
producing energy-using goods (e.g. office machinery, electrical machinery, radio
equipment). Electricity and gas generation and the media sector also showed a
positive effect. Many sectors showed no statistically significant effect (standard
errors were relatively high in this model), but wearing apparel, leather, tobacco and
recycling showed a negative association with energy taxes. The average effect of a
tax change on TFP growth, weighting sectoral effects by the output shares of these
sectors in Europe, is positive.” This suggests that ceferis paribus a marginal tax
increase would lead to a small but statistically significant improvement in TFP growth

for these sectors in Europe.

% The sector shares were obtained from the OECD STAN database.
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The relationship between energy taxes and employment for different sectors is set out

in Figure 2 below.
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Figure 2: Average partial effect of 1% rise in energy taxes on firms’ employment by sector

In this case, standard errors are much lower and most sectors exhibit a significant
effect. Some sectors show a positive employment effect relating to energy taxes;
notably wearing apparel, textiles, and primary resource sectors. Air transport shows a
strongly negative association, with a 10% tax rise being associated with a 15%
reduction in employment. Other sectors exhibit weaker positive or negative effects.
In this case, the average effect (weighted by sectoral employment shares in Europe) is
negative. Overall, then, a marginal increase in energy taxes is associated with lower

employment for this set of sectors in Europe.

Air transport also features a large and significant effect in relation to corporate
investment (Figure 3 below). In this case the effect is positive, with a hypothetical
10% tax rise being associated with a 20% increase in fixed investment. Basic metals,
refining and water transport also have relatively large positive coefficients, while
tobacco has a very large negative association and the recycling and leather sectors
have smaller negative coefficients. The average effect, weighted by total sectoral

investment, is not significantly different from zero. This implies that energy taxes at

10
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the margin do not have a statistically significant effect on total investment levels in

this sample.
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Figure 3: Average partial effect of 1% rise in energy taxes on firms’ investment by sector

Our final model examined the association between energy taxes and company
profitability, proxied by the return on capital employed. This relationship proves to
be positive in most cases, with the strongest relationship being for air transport. Only
a few sectors — water transport, refining, wood products, coal and peat extraction,
food processing and quarrying having significant negative coefficients. The average
effect, weighting sectoral effects by the output shares of these sectors in Europe, is
positive and statistically significant. This suggests that a marginal increase in energy

taxes would increase profitability on average.

11
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Figure 4: Average partial effect of 1% rise in energy taxes on firms’ return on capital employed
by sector

We considered whether the sectoral pattern of energy tax effects shown above might
be driven by broader sectoral characteristics such as energy intensity or technology
intensity. However, grouping sectors by these classifications did not reveal any
obvious association with the tax effects. The impact of energy taxes on TFP,
employment, investment and profitability vary by sector even amongst industries

which have similar energy and technology use.

Other effects

Since we have estimated these models in differences, we only observe effects for
factors that vary over time. All models allow for ETS participation effects, and the
relevant coefficients are shown in Table 1 below. We find no significant association
between ETS participation and employment or investment. However, both TFP
growth and return on capital employed were lower in ETS participant firms, ceteris
paribus. For a firm with a TFP growth rate of 2%, participation in the ETS would be
associated with 0.12% lower TFP growth.

12
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Table 1: ETS participation effects

Dependent variable ETS effect Robust standard error
TFP growth -0.0616*** 0.0196
In(employment) 0.0173 0.0142
ln(investment) 0.00161 0.0249
In(Return on capital

N ¥ -0.0673*** 0.0185
employed)

Lower productivity and profitability among ETS firms is consistent with the view that
the scheme increased firms’ costs without inducing significant Porter Hypothesis
effects. With the dataset we are using here, it is not possible to tell whether a different

design or level of stringency for the ETS would have changed this conclusion.

Finally, we can report a range of secondary results. In the TFP model, sectoral import
intensity, national education level and labour costs were not significant (we had
expected the first two factors to have a positive effect on TFP and the third to have a
negative effect). Labour cost was, as expected, negative and highly significant in the
employment model. Returning to the TFP model, the output gap and electricity prices
both showed highly significant negative effects, which was in line with our

expectations.

5. Conclusions

In this paper, we study the impact of energy taxes and the EU ETS on a large number
of firms in Europe between 1996 and 2007. To the best of our knowledge, we are the
first to do so. We estimate the effect on the change in total factor productivity (a
proxy for technological progress), on employment, on investment, and on the returns
to capital (a proxy for accounting profits). The following results emerge. First, as one
would expect, results vary dramatically between sectors, not just in the size of the
estimated effects but also in their signs. Second, total factor productivity accelerates
with higher carbon taxes. Although the effect is insignificant in large parts of the
economy, and negative in some sectors, the positive impact in a number of sectors
dominates. This finding supports the Porter Hypothesis. Regulation spurs innovation.

Third, energy taxes reduce employment. There is a significant impact on employment

13
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in almost all sectors. The most important effect is a large shift in labour between
sectors, but the overall effect is negative. While energy taxes create jobs, more jobs
are destroyed. Fourth, energy taxes increase investment. The impact is again
significant in most sectors, and the most notable effect is a shift in investment
between sectors. The aggregate effect is positive, however. This suggests that
businesses respond to energy taxes by substituting labour for capital. This is in sharp
contrast to the findings by Koetse et al. (2008). Fifth, energy taxes increase the returns
to capital. Again, differences between sectors are pronounced, but the average effect
is positive. This finding reinforces the results for investment.

We obtain different results for the EU ETS. The effect on productivity and profits are
negative, while the effect on labour and investment are insignificant. These results are
indicative only, as our data only cover the experimental phase of the ETS and we
were unable to define a permit price. Future research, using data from the second

phase of the ETS, should reinvestigate this.
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Tables

Table 2: Variable definitions

Dependent Independent
variables variables
Total Factor Olley-Pakes method. Tax rate Log of energy taxes by sector
Productivity Log TFP in first (Intax_rate) and country, first differences.
(inTFP) differences Inciudes taxes on petroi, diesel,
gas, electricity etc.
Employment (InL) = Log number of employees | Lagged Tax rate Log of energy taxes, 1 period
in a firm in year t, in first | (Intax_rate t-1) lag. First differences.
differences.
Return on Capital Return on capital Import Intensity Imports/ (Production — Exports +
Employed employment in year t, in Imports)
first differences
Investment Log change in tangible Education Tertiary education attainment for
fixed assets minus age group 25-64, as a percentage
depreciation, in first of the population of that age
differences group in each country.
Output Gap Deviations of actual GDP from
potential GDP as a percentage of
potential GDP
Electricity price Electricity prices per country (€
(In elec price) per kWH)
Labour Cost Total Labour Costs as a
percentage of Output, per
country
ETS Emissions Trading Scheme
dummy variable, 1 if sector
covered by ETS, 0 otherwise
Table 3: Variable means
TFP Employment Return On Investment
Capital Employed
Independent Variables 227942 obs. 649809 obs. 506682 obs. 427483 obs.
Tax rate 0.004 0.003 0.004 0.004
Lagged Tax rate 0.004 0.003 0.004 0.004
Labour Cost 0.589 0.623
Education 19.742
Output Gap -0.093
Eleétricity price 0.070
Import Intensity 0.277
16
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Annex A: Regression results

Table 4: Total factor productivity regression results, OLS panel regression in first differences;
dependent variable: In(TFPy)

Variables and statistics

Coef.

Robust standard error

N QRF***
B> tete]

0N 100

V. ivg

Ltax_rate-1 0.257*** 0.0539
import_intensity 0.0268 0.0228
education -0.0552 0.0331
output_gap -0.166*** 0.0568
Lelectricityprice -0.129*** 0.0382
labourcost -1.77 2.9
ETS 0.0616*** 0.0196

| NACExTax11 -1.04%* 0.00638
NACExTax13 -0.371%* 0.104
NACExTax14 S 0.104
NACExTax15 -1.01%* 0.0808
NACExTax16 -2.95%** 0.0588
NACExTax17 -1.04%** 0.121
NACExTax18 -1.09%** 0.12
NACExTax19 -1.49%* 0.127
NACExTax20 -0.956** 0.118
NACExTax21 -0.79*** 0.0732
NACExTax22 -0.63*** 0.0751
NACExTax23 -0.823** 0.106
NACExTax24 -0.956** 0.108
NACExTax25 -0.945%* 0.109
NACExTax26 -0.97*** 0.108
NACExTax27 -0.924** 0.11
NACExTax28 -0.926** 0.111
NACExTax29 -0.963** 0.107
NACExTax30 -0.795** 0.112
NACExTax31 -0.631** 0.115
NACExTax32 -0.782%* 0.111
NACExTax33 -0.875* 0.116
NACExTax34 -0.804*** ~ 0.0696
NACExTax35 -0.688*** 0.071
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Variables and statistics

Coef.

Robust standard error

NACExTax36 -0.974** 0.0966
NACExTax37 1720 0.09
NACExTax40 -0.655"** 0.0765
NACExTax14 -0.443** 0.0117
NACExTax15 0.0366 0.266
NACExTax16 0.753** 0.258
NACExTax17 -0.554*** 0.0529
NACExTax18 -0.597*** 0.0528
NACExTax19 -0.391%* 0.0374
NACExTax20 -0.391*** 0.0383
NACExTax21 0.0464 0.235
NACExTax22 0.0475 0.236
NACExTax23 -0.378** 0.0417
NACExTax24 -0.363** 0.0317
NACExTax25 -0.34** 0.0257
NACExTax26 -0.413** 0.0495
NACExTax27 -0.351** 0.0241
NACExTax28 -0.355%** 0.0236
NACExTax29 -0.407** 0.0268
NACExTax30 0.482* 0.266
NACExTax31 0.121 0.262
NACExTax32 0.185 0.261
NACExTax33 0.131 0.26
NACExTax34 0.0835 0.273
NACExTax35 -0.191 0.275
NACExTax36 -0.211** 0.0747
NACExTax37 -0.802*** 0.0677
NACExTax40 -0.00815 0.0479
D1998 0.378*** 0.0983
D1999 0.363*** 0.103
D2000 0.359*** 0.117
D2001 0.168*** 0.0498
D2003 -0.0209* 0.0103
D2004 0.178*** 0.0634
D2005 -0.0453* 0.0232
Constant -0.0438** 0.016
18

ED_000584A_00001559



Variables and statistics

Coef. Robust standard error

65787 firms

Sample

Observations 227,942
Min. periods 1
Avg. periods 35
Max. periods 7
R*within 0.0156
R®between 0.0004
R*overall 0.0077

Note: All variables are in first differences apart from the constant, and variables with an L prefix are
in log terms. *, ** and *** denote significant at the 10%, 5% and 1% level respectively. (-statistics

are heteroscedasticity-robust and allow for clustering at sector level.
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Table 5: Employment regression results, OLS panel regression in first differences, dependent

variable: In(employment;)

Variables and statistics Coef. Robust standard error
Ltax_rate 0.299*** 0.0234
Ltax_rate-1 -0.062** 0.0113
labourcost -2.29%** 0.296
ETS 0.0173 0.0142
NACExTax11 -0.294** 0.00741
NACExTax13 -0.172%* 0.013
NACExTax14 -0.0279 0.0178
NACExTax15 -0.328** 0.0242
NACExTax16 0.434*** 0.0242
NACExTax17 0.0702* 0.0333
NACExTax18 0.0421 0.0368
NACExTax19 -0.162** 0.0127
NACExTax20 -0.224** 0.014
NACExTax21 -0.297*** 0.0223
NACExTax22 -0.35%** 0.0236
NACExTax23 -0.329** 0.021
NACExTax24 -0.222%** 0.00984
NACExTax25 -0.168** 0.00964
NACExTax26 -0.0538* 0.0301
NACExTax27 -0.199** 0.00909
NACExTax28 -0.211% 0.00932
NACExTax29 0171+ 0.0112
NACExTax30 -0.504** 0.0206
NACExTax31 -0.648** 0.0221
NACExTax32 -0.671%* 0.0198
NACExTax33 -0.429** 0.0205
NACExTax34 -0.616*** 0.0255
NACExTax35 -0.379*** 0.0265
NACExTax36 -0.29*** 0.0246
NACExTax37 -0.315** 0.0228
NACExTax40 -0.358** 0.0218
NACExTax41 -0.355** 0.0239
NACExTax45 -0.583** 0.0308
NACExTax60 -0.271%* 0.0287
NACExTax61 -0.659** 0.029
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Variables and statistics

Coef.

Robust standard error

NACExTax62 -0.861° 0.0299
NACExTax11 0.501** 0.00686
NACExTax13 0.455%* 0.0167
NACExTax14 0.246™* 0.0158
NACExTax15 -0.172* 0.0237
NACExTax16 R 0.0231
NACExTax17 0.439%* 0.0382
NACExTax18 0.5%** 0.0395
NACExTax19 0.106*** 0.0166
NACExTax20 0.364*** 0.0301
NACExTax21 -0.0845** 0.0229
NACExTax22 0.0489** 0.0148
NACExTax23 0.0806*** 0.00946
NACExTax24 0.163** 0.00866
NACExTax25 0.189** 0.00898
NACExTax26 0.287** 0.0274
NACExTax27 0.216** 0.0132
NACExTax28 0.23*** 0.0129
NACExTax29 0.275%* 0.0139
NACExTax30 -0.18*** 0.0276
NACExTax31 -0.0673** 0.0297
NACExTax32 0.0927** 0.027
NACExTax33 0.0369 0.0272
NACExTax34 -0.0669** 0.0284
NACExTax35 -0.112** 0.0293
NACExTax36 0.113** 0.0245
NACExTax37 0.222%* 0.0175
NACExTax40 0.0121 0.0126
NACExTax41 0.139** 0.0101
NACExTax45 -0.00434 0.0342
NACExTax60 0.299** 0.0304
NACExTax61 -0.0668** 0.031
NACExTax62 -0.868*** 0.0319
D1998 0.101 0.0128
D1999 0.0445 0.0129
D2000 0.147 0.0115
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Variables and statistics Coef. Robust standard error
D2001 0.144 0.0122
D2002 0.0656 0.00897
D2003 0.0386 0.0113
D2004 -0.014 0.0131
Constant -0.0115 0.00956
Sample 164,570 firms

Observations 649,809

Min. periods 1

Avg. periods 3.9

Max. periods 8

R*within 0.0160

R®between 0.0073

R?overall 0.0048

Note: All variables are in first differences apart from the constant, and variables with an L prefix
are in log terms. *, ** and *** denote significant at the 10%, 5% and 1% level respectively. t-
statistics are heteroscedasticity-robust and allow for clustering at sector level.
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Table 6: Return on capital employed, OLS panel regression in first differences, dependent

variable: In(ROCEy)

Variables and statistics Coef. Robust standard error
Ltax_rate -0.155*** 0.0427
Ltax_rate-1 -0.298*** 0.0486
ETS -0.0673*** 0.0185
NACExTax11 0.375*** 0.026
NACExTax13 -1.37** 0.0308
NACExTax14 -0.224%** 0.0673
NACExTax15 0.512*** 0.0981
NACExTax16 0.766*** 0.0849
NACExTax17 -0.289*** 0.105
NACExTax18 -0.298** 0.112
NACExTax19 0.2 0.127
NACExTax20 -0.337* 0.136
NACExTax21 0.157** 0.0419
NACExTax22 0.342** 0.0305
NACExTax23 -0.162*** 0.057
NACExTax24 -0.0174 0.0634
NACExTax25 -0.0315 0.0598
NACExTax26 -0.0686 0.13
NACExTax27 -0.0535 0.0882
NACExTax28 -0.0356 0.0843
NACExTax29 0.129* 0.0737
NACExTax30 0.416** 0.0599
NACExTax31 0.715** 0.0754
NACExTax32 0.396*** 0.062
NACExTax33 0.295*** 0.0598
NACExTax34 0.611** 0.0592
NACExTax35 0.404** 0.054
NACExTax36 0.98** 0.0477
NACExTax37 0.649*** 0.08
NACExTax40 0.267*** 0.0534
NACExTax41 0.147** 0.0534
NACExTax45 -0.000523 0.0556
NACExTax60 0.514** 0.0528
NACExTax61 0.0725 0.058
NACExTax62 1.2%%* 0.047
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Variables and statistics Coef. Robust standard error
NACExTax11 1.47% 0.0314
NACExTax13 2.29%* 0.113
NACExTax14 0.412%** 0.111
NACExTax15 -0.362%* 0.0748
NACExTax16 0.884*** 0.0519
NACExTax17 0.995*** 0.2
NACExTax18 1.14%% 0.204
NACExTax19 0.801*** 0.166
NACExTax20 0.23 0.147
NACExTax21 -0.106 0.0825
NACExTax22 0.144*** 0.0505
NACExTax23 -0.0366 0.0271
NACExTax24 0.518*** 0.0446
NACExTax25 0.569*** 0.0483
NACExTax26 1.41% 0.229
NACExTax27 0.637** 0.0758
NACExTax28 0.605*** 0.0785
NACExTax29 0.6*** 0.106
NACExTax30 P 0.0695
NACExTax31 0.523*** 0.0703
NACExTax32 0.533*** 0.0662
NACExTax33 0.66*** 0.0672
NACExTax34 0.619%** 0.0923
NACExTax35 0.352%** 0.0872
NACExTax36 0.577*** 0.0775
NACExTax37 -0.135*** 0.0415
NACExTax40 0.171%** 0.0354
NACExTax41 0.299%** 0.0474
NACExTax45 0.611* 0.0894
NACExTax60 -0.000539 0.0508
NACExTax61 -0.542%** 0.0525
NACExTax62 1.02%** 0.0528
D1999 -0.404*** 0.0918
D2000 -0.271%** 0.0505
D2001 -0.213*** 0.0296
D2002 -0.251%** 0.0355
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Variables and statistics Coef. Robust standard error
D2003 -0.292*** 0.0411
D2004 -0.23*** 0.0463
D2005 -0.236™** 0.0465
Constant 0.15%* 0.0432
Sample 162,771 firms

Observations 506,682

Min. periods 1

Avg. periods 3.1

Max. periods 8

R*within 0.0082

R”between 0.0027

R*overall 0.0064

Note: All variables are in first differences apart from the constant, and variables with an L prefix
are in log terms. *, ** and *** denote significant at the 10%, 5% and 1% level respectively. t-

statistics are heteroscedasticity-robust and allow for clustering at sector level.
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Table 7: Investment, OLS panel regression

in first differences, dependent variable:

In(investment;)
Variables and statistics Coef. Robust standard error
Ltax_rate -1.68*** 0.0303
Ltax_rate-1 1.92%** 0.0554
ETS 0.00161 0.0249
NACExTax11 1.93*+* 0.0257
NACExTax13 -0.225%* 0.0469
NACExTax14 1.65*+* 0.0535
NACExTax15 1.73** 0.0296
NACExTax16 1.45%+* 0.0498
NACExTax17 1.68*** 0.103
NACExTax18 1.13*+* 0.115
NACExTax19 1.27** 0.0325
NACExTax20 1.9%%* 0.0954
NACExTax21 1.67** 0.0385
NACExTax22 1.73%* 0.0305
NACExTax23 2.37%* 0.0364
NACExTax24 1.93*+* 0.048
NACExTax25 1.38*+* 0.0404
NACExTax26 0.847*** 0.129
NACExTax27 2.43%* 0.0586
NACExTax28 1.87*+* 0.0544
NACExTax29 1.85%+* 0.0622
NACExTax30 1.31%%* 0.0383
NACExTax31 1.49%+* 0.0376
NACExTax32 1.14%+* 0.0398
NACExTax33 1.31%%* 0.041
NACExTax34 2% 0.0346
NACExTax35 1.94** 0.0374
NACExTax36 1.49%* 0.0911
NACExTax37 0.307*** 0.0725
NACExTax40 1.95%+* 0.0301
NACExTax41 1.75%+* 0.0311
NACExTax45 1.26*** 0.0627
NACExTax60 1.45%+* 0.0493
NACExTax61 1.41%+* 0.0498
NACExTax62 2.62%+* 0.0446
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Variables and statistics

Coef.

Robust standard error

NACExTax11 178 0.039
NACExTax13 -0.141%%* 0.0462
NACExTax14 .73 0.0353
NACExTax15 -2.05"* 0.037

NACExTax16 -5.31%* 0.0466
NACExTax17 -1.93"* 0.105

NACExTax18 -1.69*** 0.105

NACExTax19 -2.63** 0.0615
NACExTax20 -1.93%* 0.0713
NACExTax21 -1.68** 0.044

NACExTax22 1,94 0.0431
NACExTax23 -1.85"* 0.0669
NACExTax24 1.97 0.0595
NACExTax25 -1.96"* 0.0615
NACExTax26 -1.65"* 0.0461
NACExTax27 1,78 0.065

NACExTax28 -1.88** 0.0622
NACExTax29 .73 0.0165
NACExTax30 -1.34" 0.0467
NACExTax31 187 0.0457
NACExTax32 1,810 0.0481
NACExTax33 1,617 0.0498
NACExTax34 2117 0.0368
NACExTax35 77 0.037

NACExTax36 -1.85"* 0.0966
NACExTax37 218" 0.0861
NACExTax40 -1.88** 0.0554
NACExTax41 -1.96"* 0.0556
NACExTax45 -2.03** 0.0796
NACExTax60 1,520 0.0488
NACExTax61 -0.877** 0.0507
NACExTax62 -0.802*** 0.0533
D1999 -0.0204 0.0395
D2000 -0.0842** 0.0412
D2001 -0.196*** 0.0368
D2002 -0.113* 0.0468
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Variables and statistics Coef. Robust standard error
D2003 -0.151*** 0.0354
D2004 -0.074* 0.037
D2005 -0.148*** 0.0367
Constant 0.166*** 0.0371
Sample 138,776 firms

Observations 427,483

Min. periods 1

Avg. periods 3.1

Max. periods 8

R*within 0.0017

R”between 0.0002

R*overall 0.0012

Note: All variables are in first differences apart from the constant, and variables with an L prefix
are in log terms. *, ** and *** denote significant at the 10%, 5% and 1% level respectively. t-

statistics are heteroscedasticity-robust and allow for clustering at sector level.
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Labor Demand Elasticities

| N 1995 A HEATED DEBATE broke out among economists and policymakers
. about the employment effects of minimum wage laws. Clearly, the standard the-
ory developed in chapter 3 predicts that if wages are raised above their market
level by a minimum wage law, employment opportunities will be reduced as firms
move up (and to the left) along their labor demand curves. Two prominent labor
economists, however, after reviewing previous work on the subject and doing new
studies of their own, published a 1995 book in which they concluded that the pre-
dicted job losses associated with increases in the minimum wage simply could not
be observed to occur, at least with any regularity.! On one level, the findings in this
book raised a controversy about the usefulness of standard labor demand theory:
Those who found the book and related research persuasive called for the use of
new labor demand models (especially ones that are monopsony-like in character),
while others argued that the new studies in this book were flawed and confidently
asserted that appropriately executed studies would yield the results predicted by
standard theory.? )
On another level, however, the 1995 book simply triggered a highly charged dis-
cussion of a long-standing question: just how responsive is employment demand to
given changes in wages? Hardly anyone doubts that jobs would be lost if mandated

B .

David Card and Alan B Krueger, Myth and Measurement: The New Economivs of the Minimum Wage
(Priniceton: Princeton University Press, 1995).

*Six reviews of Card and Krueger, Myth and Measurement, appear in the book review section of the July:
1995 issue of Industrial and Labor Relations Review 48, nio. 4. These reviews give an excellent overview of

the range of responses to the Card and Krueger book.
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106 CHAPTER 4 Labor Demand Elasticities

wage increases were huge, but how many are Jost with modest increases? One econ-
omist framed the issue in this way:

Economists . . .are divided into two basic groups. On'one side are those who believe
that responses to price incentives are usually large-—the Big Responders (BRs). On
the other side are those who believe that responses to price incentives are generally
small--Small Responders(SRs). ... Lc;gu: tells us that massive changes in prices ..

will have large effects on quantities. . . . But whether the BR or SR perspective applies ta
miinimi wages in the range observed in tke United States is a purely empirical question.?

The focus of this chapter is on the degree to which employment responds to
changes in wages. Chapter 3 examined theory underlying the general nature of labor
demand curves. In the context of minimum wages, for example, its major contribu-
tion was in helping us understand why we expect at least some )(Jb loss if wages are
increased above market levels. In contrast, chapter 4 will examine issues concerning
the magnitude of the job loss. Put in the context of the above quotation, this chapter
will analyze both theory and evidence in the Big Responder-Small Responder debate.

The responsiveness of labor demand to a change in wage rates is normally mea-
sured -as an “elasticity,” which is the percentage change in employment brought
aboutbyal percem change in wages. We begin our analysis by defining, analyz-
ing, and measuring “own-wage” and “cross-wage” elasticities. We then apply these
concepts to analyses of minimum wage laws and the employment effects of tech-
nological innovations. (Because the effects of free trade on the demand for labor are
qualitatively similar to those of technological change, we analyze the employment
effects of free trade in the appendix to this chapter.)

THE OWN-WAGE ELASTICITY OF DEMAND

The own-wage elasticity of demand for a category of labor is defined as the percentage
change in its employment (E) induced by a 1 percent increase in its wage rate (W):

7, = JAE,
it %AW,

In equation (4.1), we have used the subscript i to denote category of labor i, the
Greek letter m (eta) to represent elastmty and the notation %4 to represent “per-
centage change in.” Since the previous chapter showed that labor demand curves
slope downward, an increase in the wage rate will cause employment to decrease;
the own-wage elasticity of demand is therefore a negative number. What is at issue
is its magnitude. The larger its absolute value (its magnitude, ignoring its sign), the
larger will be the percentage decline in employment associated with any given per-
centage increase in wages.

Labor ecoriomists often focus on 'whether the absolute value of the elasticity of
demand for labor is greater than or less than 1. If it is greater than 1, a 1 percent

(4.1)

*Richard Freeman, “Comment,” Industrial and Labor Relations Review 48, no. 4 (July 1995): 830-831.
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The Own-Wage Elasticity of Demand R

increase in wages will lead to an employment decline of greater than 1 percent; this sit-
uation is referred to as an elastic demand curve. In contrast, if the absolute value is Jess
than 1, the demand curve is said to be inelastic: a 1 percent increase in wages will lead to
aproportionately smaller decline in employment. If demand is elastic, aggregate earn-
ings (defined here as the wage rate times the employment level) of individuals in the
category will decline when the wage rate increases, because employment falls at a faster
rate than wages rise. Conversely, if demand is inelastic, aggregate eamings will increase
when the wage rate is increased. If the elasticity just equals 1, the demand curve is said
to be unitary elastic, and aggregate earnings will remain unchanged if wages increase.

Figure 4.1 shows that the flatter of the two demand curves graphed (D,) has
greater elasticity than the steeper (D,). Beginning with any wage (W, for example),
a given wage charige (to W', say) will yield greater responses in employment with
demand curve D, than with D,. To judge the different elasticities of response
brought about by the same percentage wage increase, compare (E, — E'))/E, with
(E, — E*))/E,. Clearly, the more elastic response occurs along D,. ‘

To speak of a demand curve as having “an” elasticity, however, is technically
incorrect. Given demand curves will generally have elastic and inelastic ranges—
and while we are usually just interested in the elasticity of demand in the range
around the current wage rate in any market, one cannot fully understand elasticity
without understanding that it can vary along a given demand curve.

To illustrate, suppose we examine the typical straight-line demand curve that
we have used so often in chapters 2 and 3 (see Figure 4.2). One feature of a straight-
line demand curve is that, at each point along the curve, a unit change in wages
induces the same response in terms of units of employment. For example, at any
point along the demand curve shown in Figure 4.2, a $2 decrease in wages will
increase employment by 10 workers. :

However, the same responses in terms of unit changes along the demand curve
do not imply equal percentage changes. To see this point, look first at the upper end
of the demand curve in Figure 4.2 (the end where wages are high and employment
is low). A $2 decrease in wages when the base is $12 represents a 17 percent reduc-
tion in wages, while an addition of 10 workers when the starting point is also 10 rep-
resents a 100 percent increase in demand. Demand at this point is clearly elastic.

HGUR% 4.1 Wage
Relative Demand Elasticities

w
w
0 E{ Ey Ey E;
Employment
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108 CHAPTER 4 Labor-Demand Elasticities

However, if one looks at the same unit changes in the lower region of the demand
curve (low wages, high employment), demand there is inelastic. A $2 reduction in
wages froma $4 base is a 50 percent reduction, while an increase of 10 workers from
a base of 50 is only a 20 percent increase. Since the percentage increase in employ-
ment is smaller than the percentage decrease in wages, demand is seen to be inelas-
tic at this end of the curve. : : ‘

Thus, the upper end of a straight-line demand curve will exhibit greater elas-
ticity than the lower end. Moreover, a straight-line demand curve will actually be
elastic in some ranges and inelastic in others (as shown in Figure 4.2).

The Hicks-Marshall Laws of Derived Demand

Knowledge of own-wage elasticities of demand is very important for making policy
decisions. The factors that influence own-wage elasticity can be summarized by the
Hicks-Marshall laws of derived demand—four “laws” named after the two distin-
guished British economists, John Hicks dnd Alfred Marshall, who are closely associ-
ated with their development.! These laws assert that, other things equal, the own-wage
elasticity of demand for a category of labor is high under the following conditions:

1. When the price elasticity of demand for the product being produced is high;

2. When other factors of production can be easily substituted for the category
of labor; ‘

3. When the supply of other factors of production is highly elastic (that is, usage
of other factors of production can be increased without substantially increas-
ing their prices); and

4. When the cost of employing the category of labor is a large share of the total
costs of production.

Not only are these laws generally valid as an empirical proposition, but the first
three can be shown to always hold. There are conditions, however, under which
the final law does not hold.

In seeking to explain why these laws hold, it is useful to act as if we could divide
the process by which an increase in the wage rate affects the demand for labor into
two steps: First, an increase in the wage rate increases the relative cost of the cate-
gory of labor in question and induces employers to use less of it and more of other
inputs (the substitution effect). Second, when the wage increase causes the margin-
al costs of production to rise, there are pressures to increase product prices and
reduce output, causing a fall in employment (the scale effect). The four laws of
derived demand each deal with substitution or scale effects.

Demand for the Final Product We noted above that wage increases cause
production costs to rise and tend to result in product price increases. The greater

Hohn R, Hicks, The Theory of Wages, 2d ed. (New York: St. Martin's Press, 1966), 241-247, and Alfred
Marshall, Principles of Econoniics, 8th ed. (London: Macmillan, 1923), 518-538.
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the price elasticity of demand for the final product, the larger will be the decline
in output associated with a given increase in price—and the greater the decrease
in output, the greater the loss in employment (other things equal). Thus, the
greater the elasticity of demand for the product, the greater the elasticity of demand for
labor will be. One implication of this result is that, other things equal, the demand
for labor at the firm level will be more elastic than the demand for labor at the
industry, or market, level. For example, the product demand curves facing
individual carpet-manufacturing companies are highly elastic because the carpet
of company X is a very close substitute for the carpet of company Y. Compared
to price increases at the firm level, however, price increases at the industry level
will not have as large an effect on demand because the closest substitutes for
carpeting are hardwood, ceramic, or some kind of vinyl floor covering—none a
very close substitute for carpeting. The demand for labor is thus much more
elastic for an individual carpet-manufacturing firm than for the carpet-
manufacturing industry as a whole. (For the same reasons, the labor demand
curve for a monopolist is less elastic than for an individual firm in a competitive
industry. Monopolists, after all, face market demand curves for their product
because they are the only seller in the particular market.)

Another implication of this first law is that wage elasticities will be higher in the
long run than in the short run. The reason for this is that price elasticities of demand
in product markets are higher in the long run. In the short run there may be no
good substitutes for a product, or consumers may be locked into their current
stock of consumer durables. After a period of time, however, new products that
are substitutes may be introduced and consumers will begin to replace durables
that have worn out.
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110 CHAPTER 4 Labor Demand Elasticities

Substitutability of Other Factors As the wage rate of a category of labor
increases, firms have an incentive to try to substitute other, now relatively cheaper,
inputs for the category. Suppose, however, that there were no substitution
possibilities; a given number of units of the type of labor must be used to produce
one unit of output. In this case, there is no reduction in employment due to the
substitution effect. In contrast, when substitution possibilities do present
themselves, a reduction in employment owing to the substitution effect will
accompany whatever reductions are caused by the scale effect. Hence, other things
equal, the easier it is to substitute other factors of production, the higher the wage elasticity
of labor demand will be.

Limitations on substitution possibilities need not be solely technical ones. For
example, as we shall see in chapter 13, unions often try to limit substitution possi-
bilities by including specific work rules in their contracts (e.g., minimum crew size
for railroad locomotives). Alternatively, the government may legislate limitations
by specifying minimum employment levels for safety reasons (for example, each
public swimming pool in New York State must always have a lifeguard present).
Such collectively bargained or legislated restrictions make the demand for labor
less elastic. Note, however, that substitution possibilities that are not feasible in the
short run may well become feasible over longer periods of time, when employers
are free to vary their capital stock. For example, if the wages of railroad workers
went up, companies could buy more powerful locomotives and operate with larg-
er trains and fewer locomotives. Likewise, if the wages of lifeguards rose, cities
might build larger, but fewer, swimming pools. Both adjustments would occur only
in the long run, which is another reason why the demand for labor is more elastic in
the long run than in the short run.

The Supply of Other Factors Suppose that, as the wage rate increased and
employers attempted to substitute other factors of production for labor, the prices
of these inputs were bid up substantially. This situation might occur, for example,
if one were trying to substitute capital equipment for labor. If producers of capital
equipment were already operating their plants near capacity, so that taking on new
orders would cause them substantial increases in costs because they would have
to work their employees overtime and pay them a wage premium, they would
accept new orders only if they could charge a higher price for their equipment. Such
a price increase would dampen firms” “appetites” for capital and thus limit the
substitution of capital for labor.

 For another example, suppose an increase in the wages of unskilled workers
caused employers to attempt to substitute skilled employees for unskilled employ-
ees. If there were only a fixed number of skilled workers in an area, their wages
would be bid up by employers. As in the prior example, the incentive to substi-
tute alternative factors would be reduced, and the reduction in unskilled employ-
ment due to the substitution effect would be smaller. In contrast, if the prices of
other inputs did not increase when employers attempted to increase their usage,
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The Own-Wage Elasticity of Demand 111

other things equal, the substitution effect—and thus the wage elasticity of
demand—would be larger.

Note again that prices of other inputs are less likely to be bid up in the long run
than in the short run. In the long run, existing producers of capital equipment can
expand their capacity and new producers can enter the market. Similarly, in the
long run more skilled workers can be trained. This observation is an additional rea-
son why the demand for labor will be more elastic in the long run.

The Share of Labor in Total Costs Finally, the share of the category of labor in
total costs is crucial to the size of the elasticity of labor demand. If the category’s initial
share were 20 percent, a 10 percent increase in the wage rate, other things egual,
would raise total costs by 2 percent. In contrast, if its initial share were 80 percent, a
10 percent increase in the wage rate would increase total costs by 8 percent. Since
employers would have to increase their product prices by more in the latter case,
output, and hence employment, would fall more in that case. Thus, the greater the
category's share in total costs, the higher the wage elasticity of demand will tend to be.

The discussion of this law, however, has ignored the ease of ‘substituting other
factors when the category’s cost increases. An exception to the law occurs when it is
easier for employers to substitute other factors of production for the category of labor than
it is for customers to substitute other products for the product being produced; in this case
the law is reversed. An example illustrates this exception.”

Suppose we classify the carpenters who build houses by their race/ethnicity. For
example, we might divide carpenters into African-, Asian-, German-; Hispanic-,
Irish-, Italian-, and Polish-American carpenters. Suppose further that carpenters
from each group are equally productive and thus that they are perfect substitutes
for each other. Finally, suppose that a fixed number of carpenters is required to
build each house.

Since the wages of any one subgroup of carpenters would be a small frac-
tion of the aggregate wages paid to all carpenters, if the last law always held it
would lead one to believe that the wage elasticity of any one group of carpen-
ters would be less than that of all carpenters as a group. This conclusion would
be incorrect, however, because if any one group’s wages rose, construction con-
tractors could easily substitute employment of other carpenters for the group’s
members. Thus, the demand for any one group of carpenters would be highly
elastic despite its small share in total cost. In contrast, the demand for all car-
penters would be less elastic, as long as the price elasticity of the demand for
houses was not high. Put another way, even a relatively small share in‘total cost
cannot “protect” inputs with very good substitutes; their wage elasticities of
demand will tend to be elastic.

-

¥This example was called to pur attenition by Mark Killingsworth and is adapted from George J. Stigler,
The Theory of Price, 4th ed. (New York: Macmillar, 1987), 254, For a formal derivation of the conditions
under which this last law holds, see Hicks, The Theory of Wages.
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112 CHAPTER 4 Labor Demand Elasticities

Estimates of Own-Wage Labor Demand Elasticitie

We started this chapter by pointing out that, to a large extent, the issue of labor
demand elasticities is an empirical one. We now turn to the results of studies that esti-
mate own-wage demand elasticities for labor as a generic input (that is, labor undif-
femntmted by skill level). The estimates we discuss are based on studies that utilize
wage, output, and rzmploymem data from firms or narrowly defined industries (as
opposed to a large aggregation of industries, such as the entire manufacturing sec-
tor). Thus; the @mployment responses being estimated appromnaw those that would
be expected to occur in a firm that had to raise wages to remain competitive in the
labor market:

As our analysis has indicated, employers’ labor demand responses to a wage
change can be broken down into two components: a scale and a substitution effect.
These two effects can themselves be expressed as elasticities, and their sum is the
own-wage labor demand elasticity. In Table 4.1 we display the results of recent esti-
mates of (a) the short-run scale effect, (b) the substitution effect, and (¢) the overall
elasticity of demand for labor in the long run.

The scale effect (expressed as an elasticity) is defined as the percentage change in
employment associated with a given percentage change in the wage, holding capital
constant; that is, it is the employment response that occurs without a substitution
effect. By definition, the short-run labor demand elasticity includes only the scale
effect, although we noted earlier that the scale effect is likely to be greater in the long
run than it is in the short run (owing to greater possibilities for product market substi-
tutions in the long run). Therefore, estimates of short-run labor demand elasticities
will be synonymous with the short-run scale effect, which may approximate the long-
run scale effect if product market substitutions are relatively swift. A study using data
from British manufacturing plants estimated that the short-run, own-wage labor
demand elasticity is —0.53 (see Table 4.1). The short-run labor demand curve for a
typical firm or narrowly defined sector, therefore, would appear to be inelastic.

The substitution effect, when expressed as an elasticity, is the percentage change
in employment associated with a given percentage change in the wage rate, holding
output constant. That is, it is a measure of how employers change their production
techniques in response to wage changes, even if output does not change (that is, even
if the scale effect is absent). It happens that substitution effects are easier to credibly
estimate, so there are many more studies of these effects. One careful summary of 32
studies estimating substitution-effect elasticities placed the average estimated elas-
ticity at ~0.45 (which is what is displayed in Table 4.1), with most estimates falling
into the range of ~0.15to ~0.75.% ‘

With the short-run scale elasticity and the substitution elasticity each very close
to —0.5, it is not surprising that estimates of the long-run overall elasticity of demand
for labor are close to unitary in magnitude. Table 4.1 indicates that a study of plants
across several British industries estimated an own-wage elasticity of —0.93, while

i

“Daniel Hamermesh, Labor Démand (Princeton: Princeton University Press, 1993}, 103,
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TABLE 4.1

Components of the Own-Wage Elasticity of Demand for Labor:
Empifk:a! Estimates Using Plant-Level Data

. Estimated Elasticity

Short-Run Scale Effect

British manufacturing firms, 19741982 ~{.53
Substitution Effect

32 studies using plant-or narrowly Average: ~0,45

defined industry data (Typical range: ~0.15 10 ~0.75)
Overall Labor Demand Elasticity

British plants, 1984 093

British coal mines, 19501980 ~1.0t0~1.4

Source: Daniel . Hamermesh, Labor Demand {Princeton: Princeton University Press, 1993); 94-104.

another of British coal mines placed the elasticity of demand for labor in the range
of <1.0 to ~1.47 Thus, these estimates suggest that if the wages a firm must pay rise
by 10 percent, the firm’s employment will shrink by close to 10 percent in the long
run, other things being equal (that is, unless something else occurs that also affects
the demand for labor).

Many more studies estimating the short-run and long-run own-wage elastici-
ties of labor demand must be completed before we can have much confidence in
predicting employment responses to changes in labor costs. For now, many policy
decisions affecting these costs must be made without definitive predictions con-
cerning their employment effects. The next section illustrates that, fortunately, the-
ory can provide at least some rough guidance about expected magmtudes when
precise knowledge is lacking.

Applying the Laws of Derived Demand:
Inferential Analysis

Because empirical estimates of demand elasticities that may be required for mak-
ing decisions are often lacking, it is frequently necessary to try to guess what these
elasticities are likely to be. In making these guesses, we can apply the laws of
derived demand to predict at least relative magnitudes for various types of labor.
Consider first the demand for unionized New York City garment workers. As we
shall discuss in chapter 13, because unions are complex orgamzatmm, it is not
a}ways possible to specify what their goals are. Nevertheless, it is clear that most
unions value both wage and employment opportunities for their members. This

i

"These estimates are very close to those from an earlier study of coal mines in the United States; see Mor-
ris Goldstein and Robert Smith, “The Predicted Tmpact of the Black Lung Benefits Program on the Coal
Industry,” in Evaluating the Labor-Market Effects of Social Programs, ed. Orley Ashenfelter and James Blum
(Princeton: Princeton University Press, 1976).
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114 CHAPTER 4 Labor Demand Elasticities

observation leads to the simple prediction that, other things equal, the more elastic the
demand for labor, the smaller will be the wage gain that a union will succeed in win-
ning for its members. The reason for this prediction is that the more elastic the demand
curve, the greater will be the percentage employment decline associated with any
given percentage increase in wages. As-a résult, we can expect the following:

1. ‘Unions would win larger wage gains for their members in markets with
inelastic labor demand curves;

2. Unions would strive to take actions that reduce the wage elasticity of demand
for their members’ services; and

3. Unions might first seek to organize workers in markets in which labor
demand curves are inelastic (because the potential gains to unionization are
higher in these markets). .

As we shall see in chapter 13, many of these predictions are borne out by empir-
ical evidence. L

~ Because of foreign competition, the price elasticity of demand for the clothing pro-
duced by New York City garment workers is extremely high. Furthermore, employ-
ers can easily find other inputs to substitute for these workemwnameiy, lower-paid
nonunion garment workers in the South (this substitution would require moving the
plant to the South, a strategy that many manufacturers have followed). These facts
lead one to predict that the wage elasticity of demand for New York City unicnized
garment workers should be very elastic, a prediction that seems to be borne out by
union policies in the industry. That is, because the garment workers” union faces a
highly elastic demand curve, its wage demands historically have been moderate.
However, the union has also aggressively sought to reduce the elasticity of product
demand by supporting policies that reduce foreign competition; in addition, it has
pushed for higher federal minimum wages in:order to reduce employers’ incentives
to move their plants to the South. (For another Hustration of how an elastic product
demand inhibits union wage increases, see Example 4:1.)

Next, consider the wage elasticity of demand for unionized airplane pilots on
commercial scheduled airlines in the United States. Only a small share of the costs
of operating large airplanes goes to pay pilots’ salaries; such salaries are dwarfed
by fuel and capital costs. Furthermore, substitution possibilities are limited; there
is little room to substitute unskilled labor for skilled labor (although airlines can
contemplate substituting capital for labor by rezducmg the number of flights they
offer while increasing the size of airplanes). In addition, before the deregulation of
the airline industry in 1978, many airlines faced no competition on many of their
routes or were prohibited from reducing their prices to compete with other airlines
that flew the same routes. These factors all suggest that the wage elasticity of
demand for airline pilots was quite inelastic. As one might expect, pilots” wages
were also quite high because their union could push for large wage increases with-
out fear that these increases would substantially reduce pilots’ employmem levels.
However, after airline deregulation, competition among airline carriers increased
substantially, leading to a more elastic labor demand for pilots. As a result, many
airlines “requested,” and won, reduced wages from their pilots.
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EXAMPLE 4.1

The Own-Wage Elasticity of Demand

weos

e

Why Are Union Wages So Different in Two Parts of the

Trucking Industry?

he trucking industry’s “general freight” sec-
tor, made up of motor carriers that handle
nonspecialized freight requiring no special han-
dling or equipment, is split into two distinct
segments. One type of general freight carrier

H y - b S i i i
exclusively handles full truckloads, takir g them

directly from a shipper to a destination. The
other type of carrier handles less-than-truckload
shipments, which involve multiple shipments on
each truck and an intricate coordination of
pickups and deliveries, These two segments of
the general freight industry have vastly differ-
-ent elasticities of product demand, and thus
the union that represents truck drivers has a
very different ability to raise wages (without
suffering unacceptable losses of employment)
in-each segment.

The full truckload (TL) part of the industry
has a product market that is very competitive,
because it is relatively-easy for firms or individ-
uals to enter the market; one needs only a
truck, the proper driver's license, and access to
a telephone (to call a freight broker, who
matches available drivers with shipments need-
ing delivery). Because this part of the industry
has many competing firms, with the threat of
even more if prices rise, each firm faces a rela-
tively elastic product demand curve.

Firms specializing in less-than-truckload Ty
shipments must have a complex system of coor-
dinated routes running between and within
cities, and they must therefore be sufficiently
large to support their own terminals for storing
and transferring shipments from one route to
another. The LTL segment of the industry is not
easily entered and thus is partially monopo-
lized. From 1980 to 1995—a time period over
which the number of TL carriers tripled—virtu-
ally the only new entrants into the LTL market
were regional subsidiaries of preexisting nation-
al carriers! To contrast competition in the two
product markets somewhat differently, in 1987

the four largest LTL carriers accounted for 37
percent of total LTL reventies, while the four

largest TL carriers accounted for only 11 per-

cent of TL revenues.

The greater extent of competition inthe TL
pait of the industry implies that, at the firm
level, product demand is more elastic there
than in the LTL sector; other things being equal,
then, we would expect the Jabor demand curve
also to be more elastic in the TL sector. Because
unions worry about potential job losses when
negotiating with carriers about wages, ‘we
would expect to find that union wages are
lower in the TL than in the LTL part of the
industry. In fact, a 1991 survey revealed that the
union mileage rates (drivers are typically com-
pensated on'a cents-per-mile basis) were dra-
matically different in the two sectors:

TL sector
Average union rate: 28.4 cents per mile
Ratio, union to nonunion rate: 1.23

LTL sector
Average union rate: 35.8 cents per mile
Ratio, union to nonunion rate: 1.34

The above data support the theoretical im pli-
cation that a union’s power to raise wages is
greater when product {and therefore labor)
demand is relatively inelastic. In the less compet-
itive LTL segment of the trucking industry, union
drivers’ wages are higher, both absolutely and
relative to nonunion wages, than they are in
the more competitive TL sector.

Rerenences: Michael H. Belzer, “Collective Bargaining After
Deregulation: Do the Teamsters Still Count?” Industrial and
Labor Relations Review 48, no. 4 (July 1995): 636-655: and
Michael H. Belzer, Paying the Toll: Economic Deregulation.of
the Trucking Industry (Washington, D.C.: Economic Palicy
Institute, 1994).
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116 CHAPTER 4. Labor Demand Elasticities

Finally, consider the wage elasticity of demand for domestic farmworkers. This
elasticity will depend heavily on the supply of immigrants, either legal or illegal, who
are willing to work as farmworkers at wages less than the wages paid to domestic
farmworkers. The successful unionization of farmworkers, coupled with union or
government rules that prevent illegal immigrants from accepting such employment,
obviously will make the demand curve for domestic farmworkers less elastic. Simi-
larly, government regulations that either limit the quantity of foreign farm products
that can be imported into the United States (quotas), place tariffs on such products,
or limit foreign producers from dumping (selling their farm products in the United
States at prices less than they charge in their own countries) will reduce the price elas-
ticity of demand for U.S. farm products (and hence the wage elasticity of demand for
domestic farmworkers). This example indicates how government policies on inter-
national trade, to be more completely analyzed in the appendix to this chapter, can
influence wage elasticities of demand in particular labor markets,

THE CROSS-WAGE ELASTICITY OF DEMAND

Because firms may employ several categories of labor and capital, the demand for
any one category can be affected by price changes in the others. For example, if the
wages of carpenters rose, more people might build brick homes and the demand
for masons might increase. On the other hand, an increase in carpenters’ wages
might decrease the overall level of home building in the economy, which would
decrease the demand for plumbers. Finally, changes in the price of eapital could
increase or decrease the demand for workers in all three trades.

The direction and magnitude of the above effects can be summarized by exam-
ining the elasticities of demand for inputs with respect to the prices of other inputs,
The elasticity of demand for input j with respect to the price of input k is the percentage
change in the demand for input j induced by a 1 percent change in the price of input
k. 1f the two inputs are both categories of labor, these cross-wage elasticities of demand
are given by

%AE.
o= ! 4.2
U XA, (4.2)
and
%A,
ly = %AW,

where, again, the Greek letter 7 is used to represent the elasticity. If the cross-
elasticities are positive (with an increase in the price of one increasing the demand
for the other), the two are said to be gross substitutes. If these cross-elasticities are
negative (and an increase in the price of one reduces the demand for the other), the
two are said to be gross complements (refer back to Figure 3.3).

It is worth restressing that whether two inputs are gross substitutes or gross
complements depends on the relative sizes of the scale and substitution effects. To

-
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The Cross-Wage E lasticity of Demand 117

see this, suppose we assume that adults and teenagers are substitutes in produc-
tion. A decrease in the teenage wage will thus have opposing effects on adult
employment. On the one hand, there is a substitution effect: for a given level of out-
put, employers will now have an incentive to substitute teens for adults in the pro-
duction process and reduce adult employment. On the other hand, there is a scale
effect: a lower teenage wage provides employers with an incentive to increase
employment of all inputs, including adults.

If the scale effect Proves to be smaller than the substitution effect, adult employ-
ment will move in the same direction as teenage wages and the two groups will be
gross substitutes. In contrast, if the scale effect is larger than the substitution effect, adult
employment and teenage wages will move in opposite directions and the two groups
will be gross complements. Knowing that two groups are substitutes in production,
then, is not sufficient to tell us whether they are gross substitutes or gross complements.*

Because economic theory cannot indicate in advance whether two given inputs
will be gross substitutes or gross complements, the major policy questions about cross-
wage elasticities of demand relate to the issue of their sign; that is, we often ‘want most
to know whether a particular cross-elasticity is positive (the inputs are gross substi-

Can the Laws of Derived Demand Be Applied
to Cross-Elasticities?

The four laws of derived demand developed in the last section cannot be applied
directly to cross-elasticities; however, the technological or market considerations that under-
lie the laws are still useful in understanding cross-wage elasticities. Stated more fully,
the Hicks-Marshall laws of derived demand are based on four technological or mar-
ket conditions that determine the size of own-wage elasticities. Each of the four condi-
tions influences the substitution or the scale effect and, as noted above, the relative
strengths of these two effects are also what determine the sign of cross-elasticities. The
laws that apply to own-wage elasticities cannot be applied directly to cross-elastici--
ties, because with cross-elasticities the substitution effect (if there is one) and the scale
effect work in opposite directions. The same (or at least very similar) underlying con-
siderations, however, are basic to an analysis of cross-elasticities.

As we discuss these four considerations in the context of cross-elasticities, it-will
be helpful to have a hypothetical referent in mind. Let us retumn, therefore, to the ques-
tion of what might happen to the demand for adult workers if the wages of teenage
workers were to fall. As noted above, the answer depends on the relative strengths of
the scale and substitution effects, What determines the strength of each?

The Scale Effect The most immediate effect of a fall in the wages of teenagers
would be reduced production costs for those firms that employ them. Competition

e .

“As noted in chapter 3, if two groups are complements in production; a decrease in the price of one should
lead toinereased employment of the other. Complemerits in production are always gross complements,
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118 CHAPTER 4 Labor Demand Elasticities

in the product market would ensure that lower costs are followed by price
reductions, which should stimulate increases in both product demand and the level
of output. Increased levels of output will tend to cause increases in employment of
all kinds of workers, including adults. This chain of events obviously describes
behavior underlying the scale effect, and we now investigate what conditions are
likely to make for a strong (or weak) scale effect.

The initial cost (and price) reductions would be greater among those employ-
ers for whom teenage wages constituted a higher proportion of total costs. Other
things equal, greater price reductions would result in greater increases in both prod-
uct demand and overall employment. Thus, the share of total costs devoted to the pro-
ductive factor whose price is changing will influence the size of the scale effect. The
larger this share is, other things equal, the greater will be the scale effect (and
the more likely it is that gross complementarity will exist). This tendency is analo-
gous to the fourth Hicks-Marshall law discussed earlier; the difference is that with
cross-elasticities; the factor whose price is ch&nging is not-the same as the one for
which employment changes are being analyzed. ~

The other condition that greatly influences the size of the scale effect is product
demand elasticity. In the above case of teenage wage reductions, the greater the increase
in product demand when firms reduce their prices, the greater will be the tendency for
employment of all workers, including adults, to increase. More generally, the greater the
price elasticity of product demand, other things equal, the greater will be the scale effect (and
thus the greater the likelihood of gross complementarity). The effects of product demand elas-
ticity are thus similar with both own-wage and cross-wage elasticities. :

The Substitution Effect After teenage wages fall, firms will also have incentives
to alter their production techniques so that teenagers are more heavily used.
Whether the greater use of teenagers causes an increase or some loss of adult jobs
partially depends on a technological question: Are teenagers and adults substitutes
- or complements in production? If they are complements in production; the effect
* on adults of changing productive techniques will reinforce the scale effect and serve
to unambiguously increase adult employment (meaning, of course, that adults and
teenagers would be gross complements). If they are substitutes in production,
however, then changing productive techniques involves using a higher ratio of
teenagers to adults, and the question then becomes whether this substitution effect
is large or small relative to the scale effect. ‘

A technological condition affecting the size of the substitution effect is.a direct
carryover from the second Hicks-Marshall law discussed previously: the substitution
effect will be greater when the category of labor whose price has chan ged is easily substitut-
ed for other factors of production. When analyzing the effects on adult employment of
a decline in the teenage wage, it is evident that when teenagers are more easily sub-
stituted for adults, the substitution effect (and therefore the chances of gross substi-
tutability between the two categories of labor) will be greater.

Anothercondition influencing the size of the substitiution effect associated with
a reduction in the teenage wage relates to the labor supply curve of adults, If the
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adult labor supply curve were upward-sloping and rather steep, then adult wages i3
would tend to fall as teenagers were substituted for adults and the demand curve 2
for adults shifted left. This fall would blunt the substitution effect, because adults

would also become cheaper to hire. Conversely, if the adult labor supply curve were mit of
relatively flat, adult wages would be less affected by reduced demand and the sub-
stitution effect would be less blunted. As with the case of own-wage elasticities (the wefer-
third Hicks-Marshall law discussed above), niore-elastic factor supply curves thus also so8 o
lead to a greater substitution éffect, other things equal, in the case of cross-wage elasticities. its of
Finally, holding other things constant, the share of the teenage wage bill in
total costs influences the substitution as well as the scale effectin the example we e the
are analyzing. For example, if teenage labor costs were a very large fraction of oted
total costs, the possibilities for further substitution of teenagers for adultswould lirve
be rather limited (this can be easily seen by considering an example in which mes
teenagers constituted 100 percent Of all production costs). Thus, while a iargér oth-
share of teenagers in total cost would make for a relatively large scale effect, it nly
also could reflect a situation in which the possibilities of substituting teenagers ing.
for adults are smaller than they would otherwise be (smaller, that is, holding other the
influences constant). . sth-
tts
Estimates Relating to Cross-Elasticities igh
Estimating at least the sign of cross-wage labor demand elasticities is useful for pur- :ﬁf

poses of evaluating public policies, because a policy aimed at one group can have
unintended consequences for other groups. For example, as implied above, a pol-
icy to subsidize the wages of teenagers could reduce employers” dema nd for adult
workers. Likewise, a policy that reduces the costs of capital investments could cre-
ate substitution effects that ultimately reduce firms’ demand for labor. Thus, itis
important to know which categories of labor and capital are substitutes for or com-
plements with each other in the production process. Also, we would like to know
whether particular categories of laborexhibit gross substitutability or complemen-
tarity with each other or with capital.

Most of the cross-wage empirical studies to date have focused on the issue of
whether two factors are substitutes or complements in production. These studies esti-
imate the employment response for one category of labor to a wage or price change
elsewhere, holding oatput constant {whichin effect allows usto focus just on changes
in the mix of facters used in production). The factors of production paired together
for analysis in these studies ar@;numérous and the results are not always clear-cut;
nevertheless, the findings taken as a whole offer at leasta few gﬂmralizati{ms:‘}

ke

1, Laborandenergy are clearly substitutes in production, although their degree
of substitutability is small.

J——————

sHamersmesh, Labor Demand,105-127.
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120 CHAPTER 4 Labor Demand Elasticities

2. Labor and materials are probably substitutes in production, with the degree
of substitutability again being small.

3. We are not certain whether either skilled or unskilled labor is a substitute for
ora cempiement with capital in the production process. What does appear to
be true is that skilled (or well-educated) labor is more likely to be comple-

- mentary with capital than is unskilled labor—and that if they are both sub-
stitutes for capital, the degree of substitutability is smaller for skilled labor."?

4. The finding summarized in 3 above suggests that skilled labor is more likely
than unskilled labor to be a gross complement with capital. This finding is
important to our understanding of recent trends in the earnings of skilled
and unskilled workers (see chapter 14), because the prices of computers
and other high-tech capital goods have fallen dramatically in the past
decade or so.

5. The finding in 3 above also implies that if the wages of both skilled and
unskilled labor were to rise by the same percentage, the magnitude of any
employment loss associated with the substitution effect (as capital is substi-
tuted for labor) will be greater for the unskilled. Thus, we expect that, other
things equal, own-wage labor demand elasticities will be larger in magnitude
for unskilled than for skilled workers.

6. The extent of complementarity or substitutability in production between
immigrant and native workers, or between new immigrants and older
groups of immigrants, is very small. This may help explain the findings, dis-
cussed later in chapter 10, that changing flows of immigrants have had rela-
tively minor effects on the wages of native workers."

POLICY APPLICATION: EFFECTS OF
MINIMUM WAGE LAWS

History and Description

The Fair Labor Standards Act of 1938 was the first major piece of protective labor
legislation adopted at the national level in the United States. Among its provisions
were a minimum wage rate, or floor, below which hourly wages could not be
reduced, an overtime-pay premium for workers who worked long workweeks, and

*"ﬁvudem:v has been offered that the degree of substitutability depends on the age of capital equipment.
&p&z«:xfzcﬂﬁy, Ann Bartel and Frank Lichtenberg, “Technology: Some Empirical Evidence,” Review of Eco-
nontics and Statistics 69 (February 1987): 1-11, present evidence that the relative demand for highly edu-
cated workers vis-a-vis less-educated workers declines as the capital stock ages. They attribute this to
the comparative advantage that highly educated workers have with respect to.learning and imple-
menting new technologies; thus as the capital stock ages; the complementarity of these workers with
capital declines.

"See George |. Borjas, “The Economics of Tmymigration,” Journal of Economic Literature 32, no. 4 (Decem-
ber 1994): 1667-1717, for a review of the literature on this point, especially on pages 16951700,

S
!
f
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Policy Application: Effects of Minimum Wage Laws 131

restrictions on the use of child labor. The minimum wage provisions were designed
to guarantee each worker a reasonable wage for his or her work effort and thus to
reduce the incidence of poverty.

When initially adopted, the minimum ‘Wwage was set at $0.25 an hour and coy-
ered roughly 43 percent of all nonsupervisory wage and salary workers—
primarily those employed in larger firms involved in interstate commerce (manu-
facturing, mining, and construction). As Table 4.2 indicates, both the basic mini-
mum wage and coverage under the minimum wage have expanded over time.
Indeed, after September 1997, the minimum wage was set at $5.15 an hour, and over
89 percent of all nonsupervisory workers were covered by its provisions.

Itis important to emphasize that the minimum wage rate is specified in nominal
terms and not in terms relative to some other wage or price index. Historically, this
specification of the minimum wage has led to a pattern of changes that can be rep-

tial level. Over time the process is repeated, and the saw-toothed time profile of rel-
ative minimum wage values portrayed in Figure 4.3 emerges, Although it varies from
peak to peak, the value of the minimum wage relative to average hourly earnings in
manufacturing after each legislated change was typically in the range of 0.45 to 0.50

until the 1990 change, when it dropped to the range of 0.37 to 0.39 (see Table 4.2).

Employment Effacts: Theoreticai Analysis
By

Since the minimum wage was first legislated, a concern has been that it will reduce
employment, especially among the groups it is intended to benefit. Specifically, in
the face of downward-sloping labor demand curves, a policy that compels firms to

raise the wages paid to all low-wage workers can be expected to reduce employment

opportunities for the least-skilled or least-experienced. Thus, while those low-wage
workers who remained employed would be helped by an increase in the minimum
wage, those who lost jobs could be made poorer. Further, if the percentage loss of

Aggregate earnings of low-wage workers could be made smaller by an increase in the
minimum wage. ;

Much research effort has been devoted over the years to understanding the
employment effects of increases in the minimum wage. In evaluating the findings

ED_000584A_00001560



122 CHAPTER 4  Labor Demand Elasticities

TABLE 4.2
Federal Minimum Wage Legislation in the United States, 1938-1997

Minimum Wage

Percent of Relative ﬁ; Az:ergge
Effective Date of Nominal Nonsupervisory Hourly Wage in
Minimum Wage Minimum Employees Manufechuring’
Change Wage Covered Before After
10/24/38 $0.25 . 434 — 0.403
10/24/39 ) 0.30 471 0.398 0.478
10/24/45 .40 55.4 0.295 0.3%4
1/25/50 0.75 534 0.278 0.521
3/1/56 1.00 53.1 0.385 0:512
9/3/61 115 62.1 0431 0.495
9/3763 1.25 62.1 0:467 0.508
9/3/64 1.25 62.6
2/1/67 140 753 0.441 0.494
2/1/68 1.60 726 0.465 0531
2/1/69 1.60 78.2
2/1/70 © 160 78.5
2/1/71 160 ’ 784 ;
5/1/74 200 83.7 0.363 0.454
1/1/75 210 83.3 0.423 0.445
1/1/76 230 0410 0.449
1/1/78 2.65 0430 0480
1/1/79 2.90 0.402 0.440
1/1/80 310 0417 0.445
1/1/81 3.35 0403 0435
4/1/90 3.80 88.6° 0.329 0.373
4/1/91 425 : 0.342 0.382
10/1/96 4.75 89.5 0.333 0.372
9/1/97 515 0.361 0.391
“Excludes executive, administrative; and professional el {including teachers in el ary and secondary
schools) from the bagse.
tAs of September 1987 : .
“Ideally, one I like to co t the valie of the minimum wage to.average hourly earnings in the economy as a
whaole. However, prior to. 1964 such data were not collected, and hence we express the mirimum wage relative to
average hourly earnings in-manufacturing here to maintain hisforical comparability. In both 1964 and 1991, average

hourly earninizs in the private nonfarm sector of the economy were a little over 90) percent of average hovirly ean:
ings in manufacturing.

of this research, we must keep in mind that good research has to be guided by good
theory. Theory gives us insight into the effects we expect to see from certain causes,
thus providing us with a road map that directs our explorations into the real world.
With the minimum wage and its effects on employment, we will see that a sophis-
ticated grasp of labor demand theory is necessary in directing us how and where
to look for these effects. In particular, theory suggests several issues that must be
addressed by any research study of the minimum wage.
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FIGUBE 4.3 Rﬁ@ of Minimum
o " . . Wage (MW ) 1o Average
Time Profile of the Minimum Wage Hourb . A
SRR Barnings (AHE
Relative to Average Hourly Earnings ?my asnings (AHE)
MW,

- \\\\

Iy Iy iy Iy
Time

Nominal vs. Real Wages We have already indicated that minimum wage levels
in the United States have been set in nominal terms and adjusted by Congress only
sporadically. The result is that general price inflation gradually lowers the real
minimum wage during the years between congressional action; thus, what appears
to be a fixed minimum wage during periods between congressional action turns
out to have constantly changing incentives for employment. One will rec all that the
demand for labor is a downward-sloping function of real wages, so as the real
minimum wage falls from the point when it is newly enacted to just before it is
raised again, its adverse effects on employment can be expected to decline.
Researchers generally take account of changes in the real minimum wage in one
of two ways. First, if looking at employment effects over several years, one can
divide the nominal minimum wage by average hourly earnings or some other mea-
sure that reflects general price movements. ‘ -
- Second, the federal minimum wage in the United States is uniformly applied to
a large country characterized by regional differences in prices. Taking account of
regional differences in prices or wages, we find that the real minimum wage in
Alaska (where wages and prices are very. high) is lower than it is in Mississippi.
Recognizing that there are regional differences in the real minimum wage leads to
the prediction that employment offects of a uniformly applied minimum wage law
generally will be most adverse in regions with the lowest costs of living:
(Researchers must also take into account the fact that many states have their own
minimum wage laws, some having minimums that exceed the federal minimum.)

Holding Other Things Constant It is important to remember that predictions of
job loss associated with higher minimum wages are made holding other things constant.
In particular, the prediction grows out of whatis expected to happen to employment
as one moves up and to the leftalong a fixed labor demand curve. If the labor demand
curve were to shift at the same time that a new minimum becomes effective, the
employment effects of the shift could be confounded with those of the new minimum.
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s

 Consider, for example Figure 4.4, where for simplicity we have omitted the labor

supply curve and focused on only the demand side of the market. Suppose that D, FIGUR
is the demand curve for low-skilled labor in year 0, in which year the real wage is Minim¢
- W,/P, and the employment level is E,. Further assume that in the absence of any Effects:
change in the minimum wage, the money wage and the price level would both ‘ g&vj; a
pioy

 increase by the same percentage over the next year, so that the real ‘Wwage in year 1
- (W,/P)) would be the same as that in year 0. ‘

Now suppose that in year 1, two things happen. First, the minimum wage rate is
raised to W,, which is greater than W,, so that the real wage increases to W,/P.. Sec-
ond, because the economy is expanding, the demand for low-skilled labor shifts out
to D,. The result of these two changes is that employment increases from EjtoE,.

Comparisons of observed employment levels at two points of time have led
some investigators to conclude that minimum wage increases had no adverse T
employment effects. However, this simple before /after comparison is not the cor- :
rect one if labor demand has shifted, as in Figure 4.4. Rather, one should ask, "How
did the actual employment level in period 1 compare to the level that would have
prevailed in the absence of the increase in the minimum wage?” Since demand grew
between the two periods, this hypothetical employment level would have been E e

£, is greater than E,, the actual level of employment in period 1, so that E,—E,
- represents the loss of jobs caused by the minimum wage. In a growing economy,
then, the expected effect of a one-time increase in the minimum wage is to reduce
the rate of growth of employment. :
: Controlling for all the “other things” besides wages that affect labor demand
~ turns out to be the major difficulty in measuring employment changes caused by
the minimum wage. A partial way to control for these influences is to examine the
effects of a legislated increase in the minimum over a time period so short that
changes in consumer preferences or the availability of new products cannot be con-
sequential. Unfortunately, before-and-after studies over a short period of time still
must take account of new trends or temporary deviations from old ones, and in any
event they capture only the short-run elasticity of demand for labor.

Ffﬁﬁﬁ% 4.4 - Real gage
Minimum Wage Effects: Growing (R
Demand Obscures Job Loss

By
W W
Py By

; . \\ By % B,
0 E, E Ey
) Employment (E)
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FIGURE 4.5 (a) Covered Sector ©(b) Uncovered Sector

Minimum Wage
Effects: incomplete
Coverage Causes
Employment Shifts

Wage EY=Ep - Bf

Wy foevwen
A
. : Dy " Dy
0 EY E§ 0 EY  EY
Employment Employment

Effects of Uncovered Sectors The federal minimum wage law, like many
government regulations, has an “uncovered” sector. As can be seen from Table 4.2,
coverage has steadily increased over the years, but the law still does not apply to
about 10 percent of nonsupervisory workers (the major exemptions are for very
small firms-in the retail trade and service industries). Also, with millions of
employers and limited resources for governmental enforcement, noncompliance with
the law may be widespread, creating another kind of noncoverage.™* The existence
of uncovered sectors significantly affects how the overall employment of low-wage
workers will respond to increases in the minimum wage.

Consider the labor market for unskilled, low-wage workers that is depicted in
Figure 4.5. The market has two sectors. In one, employers must pay wages equal
to at least the minimum wa ge of W, ; wages in the uncovered sector are free to vary
with market conditions. While the total labor supply to both markets taken as a
whole is fixed at E, (that is, the total labor supply curve is vertical), workers can
freely move from one sector to the other seeking better job offers. Free movement
between sectors suggests that, in the absence of minimum wage regulations, the
wage in each sector will be the same. Referring to Figure 4.5, let us assume that this
“pre-minimum” wage is W, and that total employment of E, is broken down into
Ef in the covered sector plus EYf in the uncovered sector.

If a minimum wage of W, is imposed on the covered sector, all unskilled work-
ers will prefer to work there, However, the increase in wages in that sector, from W,
to W, reduces demand, and covered-sector employment will fall from E Eto
ES. Some workers who previously had, or would have found, jobs in the covered sec-
tor must now seek work in the uncovered sector. Thus, to the E{ workers formerly
working in the uncovered sector are added E§ — E other workers seeking jobs there.
Thus, all unskilled workers in the market who are not lucky enough to find “covered

i

“Orley Asherifelter and Robert Smith, “Compliarice with the Mininum W&g&f Law,” Journal of Political
Econtoniy 87 (April 1979): 335-350,
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jobs™ at W, must now look for work in the uncovered sector,” and the (vertical) sup-
ply curve to that sector becomes Ell[= El + (ES —E9) = E. ~ Ef]. The increased
supply of workers to that sector drives down the wage there from W, to W,

The presence of an uncovered sector thus suggests the possibility that employ-
ment among unskilled workers will be rearranged, but not reduced, by an increase
in the minimum wage. In the above example, all E, workers remained employed
after the minimum was imposed. Rather than reducing overall employment of the
unskilled, then, a partially covering minimum wage law might serve to shift
employment out of the covered to the uncovered sector, with the further result that
wages in the uncovered sector would be driven down.

The magnitude of any employment shift from the covered to the uncovered sector,
of course, depends on the size of the latter; the smaller it is, the lower are the chances
that job losers from the covered sector will find employment there. Whatever the size
of the uncovered sector, however, its very presence means that the overall loss of
employment is likely to be less than the loss of employment in the covered sector.

Intersectoral Shifts in Product Demand It is important to remember that the
employment effects of a wage change are the result of scale and substitution
effects. Substitution effects stem from changes in the way in which firms choose
to produce, while scale effects are rooted in consumer adjustments to changes in
product prices. The student will recall that, faced with a given increase (say) in the
minimum wage, firms’ increases in costs will generally be greater when the share
of low-wage labor in total costs is greater; thus, the same increase in the minimum
wage can lead to rather different effects on product prices among different parts
of the covered sector. Further, if these subsectors compete with each other for
customers, it is possible that scale effects of the increased wage will serve to
increase employment among some firms in the covered sector. ;

To illustrate how mandated increases in wages can cause intersectoral shifts in
product demand, we briefly turn from minimum wages to an analysis of a pro-
posed law (later modified) that would have required coal mine operators to buy
insurance for their workers against the risk of dust-related lung disease. The costs
of this insurance would have been directly proportional to payroll costs, and the
effect would have been to mandate an increase of about 10 percent in the hourly
labor costs of miners.” Understandably, the government wanted to know what the
employment effects of this law mightbe. ‘

Estimates of the likely employment effects started with the fact that coal mining
had two sectors that produced the same product in two very different ways. Under-

“Under some circumstances it may be rational for these unemployed workers to remain unemployed
for a while and to search for jobs in the covered sector. We shall explore this possibility—which is dis-
cussed by Jacob Mincer in “Unemployment Effects of Minimum Wage Changes,” Journal of Political Econ-
omy B4 (August 1976):'887-5104—in chapter 13. At this point we simply note that if it occurs,
unemployment will result,

HThe details of this example are reported in Morris Goldstein and Robert Smith, “The Predicted *

of the Black Lung Benefits Program on the Coal Industry.”
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ground mines were very labor-intensive, with roughly half of their total costs associ-
ated with labor. Surface mines {(also called strip mines) dug coal with huge earth-
moving equipment, and labor in this sector constituted only 25 percent of total costs.
The mandated insurance, therefore, would have raised costs (and prices)in the under-
ground sector more than in the surface sector, with the result that surface-mined coal
would have become relatively cheaper. To be sure, increased prices across both sectors
would have reduced the sverall use of coal to some extent, but those who still bought
coal would now be more likely to buy it from surface mines than before. The govern-
ment estimated, in fact, that the demand for surface-mined coal would have increased
by about 4 percent if coal mines had been forced to buy this insurance.

in summary, an increased minimum wage may apply equally to all firms in the
covered sector, but the employment effects may not be negative in all parts of this
sector. An increased minimum will have different effects on product prices in dif-
ferent subsectors, with the result that certain firms may be r{él‘atiwly‘adwmtaged
even if their total costs go up to some extent! Their costs may rise, but if they rise by
less than the costs of their competitors, the new minimum wage actually could serve | e
to stimulate the demand for their products. Measuring the employment effects of
minimum wages, then, is best done by looking at an entire sector rather than indi- ;
vidual firms or narrowly defined subsectors,

Employment Effects: Empirical Estimates

Currently there is no consensus among economists about the effects of minimum
wages on employment. After some three hundred studies over the past two
decades, what at first seemed like a straightforward way to test the prediction that
labor demand curves are negatively sloped has proven to yield results that are frus-
tratingly ambiguous. As a consequence, labor economists are now engaged ina
spirited inquiry into whether the problem lies with the use of a theory of labor ¢
demand that is too simple or with the research methods used to test that theory.

This textbook is not the place to discuss the intricacies of research design and
statistical methodology, but one general feature of the results to date is that rea- :
sonable, defensible changes in design or methodology drastically alter estimates of -
the effects of minimum wages on employment.” After our discussion of the theo-
retical complexities posed by regional differences in living costs, the existence of
an uncovered sector, intersectoral shifts within the covered sector; and difficulties
in accounting for the “other things” that can affect employment, it is not surpris-
ing that research design is critical. What is surprising is that seemingly minor
changes in design can have such substantial effects on the results.

One example of the minor changes that cause estimates to vary significantly is
found in time-series analyses of employment effects among teenagers (a notoriously
low-paid group whose wages are likely to be affected by the minimum wage).

e -

"Card and Kroeger, Myth and Measurement, Chapters 6-8.
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These analyses involve estimating how some measure of teenage employment
varies over time with the level of the real minimum wage, after controlling for other
variables in each year, such as the adult unemployment rate, that could also affect
teenage employment. Studies that have applied exactly the same estimating pro-
cedures to data from different time periods often obtain dramatically different esti-
mates. For example, an analysis using data from the 1949 to 1994 period estimated
that increases in the minimum wage would have no effect on the employment rate
(employment divided by population) of 16- and 17-year-olds; applying the same
procedures to the 1954 to 1993 period, however, resulted in estimated employment
effects that were significantly negative. Another study estimated qualitatively dif-

ferent effects of minimum wages on teenage employment rates over the 1954-1979

and 1954-1986 periods.'® L ~

A second example of a seemingly minor design change that has caused a major
difference in results comes from a comparison of two recent studies of how the
employment of teenagers was affected by the 1990 and 1991 increases in the feder-
al minimum wage.” Both used data from the same basic source, both analyzed the
teenage employment rate in each state for years before and after the increases, and
both used each state’s yearly overall employment rate to partially control for the
“other things” that can affect teenage employment. Both also tested, although in
different ways, the hypothesis that employment effects will be larger when man-
dated wage increases are larger. ; ‘

One study estimated the average relationship, across all states, between the
teenage and the overall employment rates in 1990 and 1991-1992, as compared to the
same relationship in the late 1980s. It found that, as expected, the 1990 teenage
employment rate was lower, compared to the overall rate, than before; it was lower
yet in-1991 and 1992, when the minimum wage was even higher. Further, the
declines were greatest for minorities and females, whose wages were most affect-
ed by the minimum wage increases. These findings are consistent with the predic-
- tions that, other things equal, higher minimum wages will reduce teenage

employment opportunities, and that they will reduce them most where mandated
wage increases are greatest:

- The other study compared 1989 to 1992 changes in states” teenage employment
rates with the fraction of teenagers whose wages were affected by the legislated
increases in 1990 and 1991, after controlling for changes in each state’s overall
employment rate over that period. The hypothesis of the study was that employ-
ment reductions would be greater in “high-impact” states (states in which the leg-
islation caused the greatest wage increases among teenagers). This study found,

_ contrary to expectations, no evidence that higher minimum wages in 1990 and 1991
reduced teenage employment rates.

"See John Kex&nani “The Elusive Effects of Minimum Wages,” Jowrnal of Economic Literatire 33, ‘

na. 4 (December 1995): 1950-1965, and Card and Krueger, Myth and Measurement, 197,
#The first study discussed is Donald Deere, Kevin M. Murphy, and Finis Welch, “Employment and the
1990-1991 Minimum Wage Hike,” American Econoimic Review 85, no. 2 (May 1995): 232-237; the second
is found in Card and Krueger, Mith and Measurement; chapter 4.

Sessseeinis
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The two studies both searched for greater employment effects among the very
groups of teenagers whose wages were more likely to be raised by the mandated
increases. The former study tested for employment responses associated with two
different mandated wage changes on three different demographic groups, while
the latter study tested for different responses of the mandated increases in high-
and low-impact states. Because both studies employed defensible research
designs, one must wonder why such a strong prediction of standard labor
demand theory (that the demand curve slopes downward) does not have more
robust empmcal support.'

One is tempted to -::s:ms:ludea, that even if the employment effects of minimum

o s £ 1
wages are negative, they are pmuably relatively small and thus hard to detect, It

seems that the impact of the minimum wage on employment and other labor prac-
tices was much easier to detect in the earliest days of the Fair Labor Standards Act,
as Example 4.2 shows. The estimates of own-wage elasticities cited earlier in this
chapter, which derived from very different kinds of studies, suggested that a typical
long-run elasticity of demand for labor (as a generic input) was roughly unitary, and
we expect the elasticity to be even greater for less-skilled workers and teenagers. After
rewewmg the estimated labor demand elasticities of teenagers based on changes in
the minimum wage, even those who believe that teenage employment declines when
the minimum is raised concede that observed labor demand elasticities are far small-
er than unitary (an elasticity of ~0.1 or —0.3 is typical).”

Is it possible that the actual job losses among teenagers are small because
uncovered sectors—Ilegal or illegal-—absorb those workers displaced from cov-
ered employment? If this occurs, we would have found that the 1990-1991 legis-
lated increases, for example, did not increase the overall wages of teenagers. Both
studies of the 1990»»}991 mandates campared above, however, carefully documented

i o

®Empirical support for a downward-sloping labor demand curve from studies of minimum wage laws
i other countries has also been mixed, although largely supportive. See, for example, Stephen Machin
and Alan Maniiing, “The Effects of Minimum Wages on Wage Dispersion and Employment: Evidence
from UK, Wage Councils,” Industrial and Labor Relations Review 47, 1i. 2 (January 1994): 319-329; John
Abowd, Francis Kramarz, Thomas Lemieux, and David Margolis, “Minimum Wages and Youth Employ-
mentin France and the United States,” working paper no. 6111, National Bureau of Economic Research,
Cambridge, Mass,, July 1, 1997; John Abowd, Francis Kramarz, and David Margolis, “Minimum Wages
and Emiploymentin France and the United States,” (mimeo, School of Industrial and Labor Relations,
Cornell University, 1998); and Linda A: Bell, “The Impact of Minimum Wages in Mexico-and Colom-
bia,” Journal of Labor Econontics 15, no3; pt. 2 (July 1997): 5102-5135. Also, see Orgamsmwn for Economic
Co-operation and Developmient, Employment Outlook Jine 1998 (Paris: OECD, 1998): 45-47. ‘

- MEgrstudies on this topic, see Hamermesh, Labor Denund, 187; David Neurmark and William Wascher, “Employ-
ment Effects of Mindrmum and Subminitnum Wages: Panel Data on State Minimum Wage Laws,” Tndustrial aid
Latior Relations Review 46, no. 1 (October 1992): 55-81; Alison J. Wellington, “Effects of the Minimum Wage on
the Employmient Status of Youths,” Journal of Human Resources 26, nio. 1 (Winter 1991): 27-46; Richard 'V,
Burkhauser, Kenneth A. Couch, and David C. Wittenburg, “A Reassessment of the New Economics of
the Minimum Wage Literature Using Monithly Data from the SIPP and:CPS” {mimeo, Syracuse Uni-
versity Center for Policy Research; May 1998); and Janet Currie and Bruce C. Fallick, “The Minimum
Wage and the Employment of Youth: Evidence from the NLSY,” Journal of Human Resources 31, no.2
(Spring 1996): 404428,

ED_000584A 00001560



130 CHAPTER 4 Labor Demand Elasticities

%%&M%%@ 4.2

The Impact of the First Federal Minimum Wag@

hen the federal minimum wage. first

went into effect, on October 24, 1938, it
was expected to have a substantial impact on
the economy of the South, where wages were
much lower than in the rest of the country. An
examination of one of the largest manufactur-
ing industries in the South, seamless hosiery,
verifies these predictions:

It isreadily apparent that the new minimum.
wage ‘was binding in the seamless hosiery
industry. By 1940, nearly one-third of the labor
force earned within 2.5 cents per hour of the
minimum wage (which was then 32.5 cents per
- hour). A longitudinal survey of 97 firms shows

‘that employment, which had been rising,
reversed course and started to fall, even though
overall demand for the product and production
levels:were rising. Employment fell by 5.5 per-
cent in southern mills but rose by 4.9 percent in
northern mills. Even more strikingly, employ-
ment fell by 17 percent in mills that had previ-
ously paid less than the new minimum wage,
while it stayed virtually the same at higher-
wage mills.

Before the passage of the minimum wage,
there had been a slow movement from the use
of hand-transfer to converted-transfer knitting
machines. (A converted-transfer machine had
an attachment to enable automated produc-
tion for certain types.of work.) The minimum
wage seems to have accelerated this trend. In
the first two years of the law’s existerice, there
was a 23 percent decrease in the number of
hand-transfer machines, a 69 percent increase
in converted-transfer machines, and a 10 per-
cent increase in fully automatic machines. In
addition, the machines were used more inten-
sively than before. A night shift was added at

“many mills, and these workers did not receive

éxtra pay for working this undesirable shift.
Finally, total imports of seamless hosiery surged

by about 27 percent within two years. of the

minimum wage’s enactment.

Rererences: Andrew 1. Seltzer, “The Effects of the Fair Labor
Standards Actof 1938 on the Southern Seamless Hosiery and
Lumber industries,” Journal of Economic History 57, no., 2
{June 1997}, 396-415.

the widespread increase in teenage wages that took place in response to the leg-

islated increases; thus, this possibility is not the most likely explanation. It is

somewhat more likely, as we found with our analysis of payroll taxes in chapter 3,

 that the demand for labor fully adjusts to relatively modest increases in wage costs

only with a long lag. If so, before-and-after studies may not be measuring

- changes in employment over a long enough period to capture the full effects of
legislated increases

*A related problem of before-and-after studies (inchuding time-series analyses) of minimum wages is that
employers know well in advance the effective date of a new minimum; I some adjust to thie new minimum
inadvance of the date selected by the researcher as the “before” period, these adjustments will not be asso-
ciated by the researcher with the new minimum. For a nice discussion of this problem, see Daniel Hamer-
mesh's comments on Card and Krueger, Myth and Measirement, in the volume cited in footnote 2 above.
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As noted earlier, however, the rather fragile results of minimum wage stuid-
ies have also spurred some economists to wonder if the monopsony model of
labor demand might have relevance to a wide variety of labor markets.” As we
saw in chapter 3, one feature of the monopsony model is that it generates
ambiguous predictions about how employment might be expected to respond
to modest increases in the minimum wage, especially in the short run. The stu-
dent will remember that the ambiguity concerns only the response of employ-
ment to mandated wage increases, which flatten the labor supply curve, notto:
those wage changes generated by shifts in labor supply curves that still leave
them upward-sloping. Thus, the monopsony model might help account for the
differences in labor demand elasticities based on minimum wage changes and
the larger elasticities cited earlier, which were estimated using wage changes
generated under different conditions. We will inquire later in this text, espe-
cially in chapters 10, 11, and 12, into labor-market characteristics, employment
conditions, and issues of supervision and compensation that could create the
upward-sloping labor supply curves to firms that are so central to the monop-
sony medel.

Does the Minimum Wage Fight Poverty?

As noted above, the short-run response of low-wage employment to changes in the
minimum wage is widely believed to be inelastic; that is, the percentage decline in
employment is smaller than the percentage increase in the wage rate. Given an
inelastic response of employment, we expect that an increase in the minimum
would serve to increase the total earnings going to low-wage workers as a whole.
Can it be said, then, that minimum wage laws are effective weapons in the strug-
gle to reduce poverty?

Identifying those who are considered to be living in poverty is done by com-
paring the income of each family with the poverty line set for families of its par-
ticular size; thus, family income and family size are the critical variables for defining
poverty. Teenagers earning below the minimum, for example, may be benefited if
their wages are raised by a legislated increase, but if these teenagers mostly live in
nonpoor families, then the increased overall income among teenagers may do very
little to reduce poverty.

One study of the 19901991 increases in the minimum wage found that, of those
who earned between the old and new minimums (that is, between $3.35 and $4.24),
only 22 percent lived in poor families. Conversely, of those workers in 1990 who
lived in poverty, only 26 percent earned between the old and new minimums. All
told, assuming no employment effects, only 19 percent of the estimated earnings
increases associated with the 1990 and 1991 minimum wage increases went to poor

HFora study of monopsony in labor markets in which tips play an important role in compensation; see Wal-
ter | Wessels, “Minimum Wages and Tipped Servers,” Economic Inguiry 35, n0, 2 (April 1997): 334-349;
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families ** Thus, the minimum wage is a relatively blunt instrument with which to
reduce poverty; most of its benefits go to workers in nonpoor families. In chapter 6
we will analyze the strengths and weaknesses of other programs that provide
income support to poor families, and in chapter 14 we will raise the question of
whether the minimum wage plays a significant role in reducing earnings inequality.

APPLYING CONCEPTS OF LABOR DEMAND ELASTICITY
TO THE ISSUE OF TECHNOLOGICAL CHANGE

Technological change, which can encompass the introduction of new products and
production techniques as well as changes in technology that serve to reduce the cost
of capital (for example, increases in the speed of computers), is frequently viewed as
a blessing by some and a curse by others. Those who view it positively point to the
enormous gains in the standard of living made possible by new technology, while
those who see technological change as a threat often stress its adverse consequences
for workers. Are the concepts underlying the elasticity of demand for labor useful in
making judgments about the effects of technological change?

There are two aspects of technological change that affect the demand for labor. One
is product demand. Shifts in product demand curves will tend to shift labor demand
curves in the same direction, and changes in the elasticity of product demand with
respect to product price will tend to cause qualitatively similar changes in the own-
wage elasticity of labor demand. The invention of new products (word processors, for
example) that serve as substitutes for old ones (typewriters) will tend to shift the labor
demand curve in the older sector to the left, causing loss of employment in that sec-
tor. If greater product substitution possibilities are also created by these new inven-
tions, it is possible that the introduction of new products can increase the elasticity of
product—and hence, labor—demand. Increasing the own-wage elasticity of labor

demand increases the amount of job loss associated with collectively bargained wage

increases, for example, and it therefore reduces the power of unions to secure large
‘wage increases in the older sector. While benefiting people as consumers, and while
providing jobs in the new sectors, the introduction of new products does necessitate
some painful changes in established sectors of the economy as workers, unions, and

- employers must all adjust to a new environment.

A second aspect of technological change is often associated with automation,

or the substitution of capital for labor. For purposes of analyzing its effects on labor
demand, this second aspect of technological change should be thought of as reducing
#1n 1990, the poverty line for a single individual under age 65 was $6,800, while fora family of three it
was $10,419 and for a family of four it was $13,359 (s¢e ULS, Bureau of the Census; Poverty in the United
States: 1990, Series P-bU; rio, 175; August 1991). The petcentages in this paragraph are based on Richard
V..Burkhauser, Kenneth A. Couch, and David C. Wittenburg, “"Who Gets What' from Minimum Wage
Hikes: A Re-Estimation of Card and Kreuger’s Distributional Analysis in Muth and Measurement: The
New Economics of the-Mininuii Wage,” Industrial and Labor Relations Review 49, no. 3 (April 1996): 547552,
Also see Card and Kreuger, Myth and Measurement, chapter 9, and David Neumark and William Wascher,
“Do Minimum Wages Fight Poverty?” working paper no, 6127, Nationial Bureau of Eéonomic Research,
Cambridge, Mass., August 1997
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the cost of capital. In some cases—the mass production of personal computers is one
example—a fall in capital prices is what literally occurs. In other cases of technological
change—the miniaturization of computer components, for example, which has made
possible new production techniques—an invention makes completely new technolo-
gies available. When something is unavailable, it can be thought of as having an infinite
price (it is not available at any price); therefore, the availability of a new technique is
equivalent to observing a decline in its price to some finite number. In either case, with
adecline in its cost, capital tends to be substituted for labor in the production process.

Earlier in this chapter, we introduced the concept that the demand for a given
category of labor is responsive to changes in the prices of other factors of produc-
tion; in general, we refer to this responsiveness as a “cross-elasticity” (if the other
factor is another category of labor, it is “cross-wage elasticity”), The sign of the cross-
elasticity of demand for a given category of labor with respect to a fall in the price
of capital depends on whether capital and the category of labor are gross substi-
tutes or gross complements, If a particular category of labor is a substitute in pro-
duction for capital, and if the scale effect of the reduced capital price is relatively
weak, then capital and the category of labor are gross substitutes and automation
reduces demand for workers in this category. For categories of labor that are not
close substitutes for the new technology, however, the scale effect may-dominate
and the two can be gross complements. Thus, the effect of automation on the
demand for particular categories of labor can be either positive or negative.

Under what conditions are capital and labor most likely to be gross substitutes?
Referring back to our earlier discussion, the substitution effect will be stronger to
the extent that capital is a substitute for labor in the production process, that it is
relatively easy for firms to make the substitution, and that the current share of cap-
ital in overall costs is relatively small. The scale effect will be relatively weak if there
is an inelastic product demand and if capital constitutes a small share of total cost
in the industry experiencing automation.

Clearly, whether capital and a given type of labor are gross substitutes depends
on several factors, all of which are highly specific to particular industries and pro-
duction processes. Perhaps the most that can be said generally is that, as pointed

- outin a prior section, unskilled labor and capital are more likely to be substitutes
in production than are skilled labor and capital, which some studies have identi--
fied as complements in production. Because factors of production that are com-

_plementary must be gross complements, technological change is more likely to
increase the demand for skilled than for unskilled labor? ~ )

~ Before concluding that technological change is a threat to the unskilled, how-
ever, three things must be kept in mind. First, even factors that are substitutes in
“See David Autor, Lawrence Katz and Alan Krueger, “Computing Inequality: Have Computers
Changed the Labor Market?” working paper no. 5956, National Bureau of Economic Research; Cam-
bridge, Mass:, March 1997 Alan B: Krueger, “How Computers Have Changed the Wage Structure; Evi-
dence from Microdata; 1984-1989," Qwiﬁmy Jowrnal of Economics 108 (February 1993): 33-60, concluded
that workers who use computers on their jobs earn 10 to 15 percent more than otherwise comparable
waorkers and that the expansion of computer usage in the 1980s accounted for a substantial part of the
increased earnings of highly educated workers vis-a-vis less-educated workers that took place during
the decade (see chapter 14 for a discussion of this and other earnings changes).
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production can be gross complements (if scale effects are large enough). Second,
substitution of capital for labor can destroy some unskilled jobs, but accompany-
ing scale effects can create others, sometimes in the same industry.

‘Finally, although the fraction of all workers who are unskilled laborers has ~ O
declined over the course of this century, this decline is not in itself convincing evi-
dence of gross substitutability between capital and unskilled labor. The concepts
of elasticity and c:mss—eiasﬂmy refer to changes in labor demand caused by changes

in wages or capital prices, holding all else constant. That is, labor demand elasticities o
focus on the labor demand curve at a particular point in time. Actual employment
outcomes over time are also influenced by labor supply behavior of workers. Thus,
from simple observations of employment levels over time it is impossible to tell Ci
anything about own-wage demand elasticities or about the signs or magnitudes of d of
cross-elasticities of labor demand. . iU
‘The effects of technological change on fofal employment and on society in gener- ‘ W
al are less ambiguous. Technological change permits society to achieve greater and o
often more varied consumption possibilities, and it leads to scale effects that both he
enlarge and change the mix of output. As the productive mix changes, some firms, kic
occupations, and industries decline or are eliminated (see, for example, the data inside W
the front cover, which show declining employment shares in agriculture and goods- : e
producing industries, where technological changes have reduced the labor required W
per unit of output). Other sectors of the economy-—the services, for example—expand. - 33

While these dislocations can create pockets of unemployment as some workers must
seek new jobs or acquire new skills, there is no evidence that technological change
(over the course of this century, say) has led to permanent problems of unemploy- ‘ b
ment. In fact, real wages have risen rather dramatically from their levels earlier this ;
century, a rise that has been at least partly fueled by technological change. i

5 A
th
st

REVIEW QUESTIONS ; ge
1. One organization representing labor argued time wage rate prevailing in their area for the ex
that interest rates in 1992 were too high and relevant jobs. Analyze as completely as you : re
that the government must seek to lower can the effects such a law would have on ‘ cr
them so that productive, job-creating invest- both part-time and full-time workers. ‘ n
ments could take place. Do lower interest . Many employers provide health insurance ‘ n
rates unambiguously increase the demand for their employees, but others—primarily th

- for labor? small employers—do not. Suppose that the

. Amnational study concludes that the hourly government wants to ensure that all employ-
pay received by part-time workers is always ees are provided with health insurance cov- PRO
less than the hourly pay received by full-time erage that meets or exceeds some standard. 1. St
workers in comparable jobs. It also concludes Suppose also that the government wants ist
that part-time workers are disproportionate- employers to pay for this coverage and is be
ly women, teenagers, the elderly, and the considering three options: w
hard-to-employ. Thus, the study suggests Option A: An employer not voluntarily offering de
that Congress pass a law compelling em- its employees acceptable coverage would be pe
ployers offering part-time jobs to pay the full- required to pay a tax of X cents per hour for in
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each labor hour employed. The funds col-
lected would support government-provided
health coverage.

Option B: Same as option A, except that the
government-provided coverage would be
financed by a tax collected as a fraction of
the employer’s total revenues,

Option C: Same as option A, except that the
government-provided coverage would be
financed by a property tax on the buildings,
land, and machines owned by the employer.

Compare and contrast the labor market

effects of each of the three options.

- Union A faces a demand curve in which a

wage of $4 per hour leads to demand for
20,000 person-hours and a wage of $5 per
hour leads to demand for 10,000 person-
hours. Union B faces a demand curve in
which a wage of $6 per hour leads to
demand for 30,000 person-hours, while a
wage of $5 per hour leads to demand for
33,000 person-hours.
a. Which union faces the more. elastic
demand curve?
b.  Which union will be more successful in
increasing the total income (wages times
person-hours) of its membership?

. A government intends to pursue policies

that will encourage investment in infra-
structure (roads, especially), capital
goods, and technology. These policies, for
example, might involve subsidies of firms’
research and development activities, tax
credits (tax reductions) for companies that
invest in new machinery, or public fund-
ing of road building or road repair. Ignoring
the issue of how these programs affect tax

Problems 135

rates, analyze how each of these policies
will affect the labor market,

Clerical workers represent a substantial
share of the U.S. workforce—over 15 per-
cent in recent years. Concern has been
expressed that computerization and office
automation will lead to a substantial decline
in white-collar employment and increased
unemployment of clerical workers. Is this

concern well founded?

Briefly explain how the following programs
would affect the elasticity of demand for
labor in the steel industry:

‘a. anincreased tariff on steel imports;

b. alaw making itillegal to lay off workers
for economic reasons;

¢ a “boom” in the machinery industry
(which uses steel as an input)—causing
production in that industry to rise;

d. adecision by the owners of steel mills to
operate each mill longer than has been
the practice in the past;

e. an increase in the wages paid by em-
ployers in the steel industry;

f. ataxon each ton of steel produced.
n 1942 the government promulgated regu-
lations that prohibited the manufacture of
many types of garments by workers who
did the sewing, stitching, and knitting in
their ‘homes. If these prohibitions are
repealed, so that clothing items may now be
made either by workers in factories or by
independent contractors doing work in
their homes, what effect will this have on
the labor demand curve for factory workers
in the garment industry?

1. Suppose that the demand for dental hygien-
ists is L, = 5000 - 20W, where L = the num-
ber of dental hygienists and W = the daily
wage. What is the own-wage elasticity of
demand for dental hygienists when W = $100
per day? Is the demand curve elastic or
inelastic at this point? What is the own-

2.

wage elasticity of demand when W = $200
per day? Is the demand curve elastic or
inelastic at this point?

Professor Pessimist argues before Con-
gress that reducing the size of the military
will have grave consequences for the
typical American worker. He argues that
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if 1 million individuals were released from
the military and flooded into the civilian
labor market, average wages in the civil-
ian labor market would fall dramatically.
Assume that the demand curve for civil-
ian labor does notshift when workers are
released from the military. First, draw a
simple diagram depicting the effect of this
influx of workers from the military. Next,
using your knowledge of (a) the definition
of the own-wage el%tmxty of - labor
demand, (b) the magnitude of this elastic-
ity for the economy as a whele, and (c) the
size of the American labor force in com-
parison to this flood from the military,
graph these events and estimate the mag-
nitude of the reduction in wages for civil-
fan workers as a whole. Do you concur
with Professor Pessimist?
. Suppose that the demand for burger flip-
pers at fast food restaurants in a small city
is L, = 300 ~ 20W, where L = the number of
burger flippers and W = the wage in dollars
per hour. The equilibrium wage is $4 per
hour, but the government puts in place a
minimum wage of $5 per hour.
a. Assuming that none of the firms has
any monopsony power, how does the

minimum wage affect employment in
these fast food restaurants? Draw a
graph to show what has happened,
and ‘estimate the effects on employ-
ment in the fast food sector.

b.  Suppose that in the city above, there is
an uncovered sector where L, = ~100 +
80W and L, = 300 -~ 20W, before the
minimum wage is put in place. Sup»«

roos Hhab a1l e vl v Trga it

PSR B LR IO WD RELD WG ase tiﬂ:ll -

 jobs as burger ﬂxppera due to the intro-
duction of the minimum wage seek
work in the uncovered sector. What
happens to wages and employment in
that sector? Draw a graph to show
what happens, and analyze the effects
on both wages and employment in the
uncovered sector.

4. (Appendix). The production possibilities

curve for the United States is linear and
allows the country to produce a maximum
of 500 million units of clothing or 300 mil-
lion units of food. The production possibil-

Aities curve for France is also linear and

allows it to produce a maximum of 250 mil-
lion units of clothing or 150 million units of
food. Which good will the United States
export to France?
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Meuasurement: The New Economics of the Min-
imum Wage. Princeton: N.J.: Princeton Uni-
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The Impact of Pollution on Worker Productivity"
By Joshua Graff Zivin and Matthew Neidel | *

Asone of theprimary factors of production, labor isan essential element in every
nation’seconomy. investingin human capital iswidely viewed as a key tosustaining
increases in labor productivity and economic growth. While heal th is increasingly
seen as an important part of human capital, environmental protection, which typi-
cally promotes health, has not been viewed through this lens. Indeed, such interven-
tionsare typical ly cast as a tax on producers and consumers, and thus adragon the
labor market and the economy in general. Given the large body of evidence that
causal ly links pol lution with poor heal th outcomes (e.g., Bel | et al. 2004; Chay and
Greenstone 2003; Currie and Neidel | 2005; Dockery et al. 1993; Pope et al. 2002),
it seems plausible that efforts to reducepollution couldin fact also be viewed as an
investment in human capital, and thus a tool for promoting, rather than retarding
economic growth.

Thekey to thisassertion liesin the impactsof pol lution on labor market outcomes.
While a handful of studies have documented impacts of pol lution on labor supply
(Carson, Koundouri, and Nauges 2011; Graff Zivin and Neidel | forthcoming; Hanna
and Oliva 2011; Hausman, Ostro, and Wise 1984; Ostro 198Bgir focus on the
extensive margin, where behavioral responses are nonmarginal, only captures high-
visibility labor market impacts. Pol lution is also likely to have productivity impacts
on the intensivemargin, even in cases where labor supply remains unaffected. Since
worker productivity ismore difficul ttomonitor than labor supply, these moresubtle
impacts may be pervasive throughout the workplace, so that even small individual
effectsmay translateinto large welfare losses when aggregated across the economy
There is, however, no systematic evidence to date on the direct impact of pol lution
on worker productiviTiis paper is the firstto rigorously assess thisenvironmen-
tal productivity effect.

Estimation of this relationship is complicated for two reasons. One, al though
datasets frequently measure output per worker, these measures do not isolate worke

*Graff Zivin: University of California-San Diego, School of International Relations and PacificStudies and
Department of Economics, 9580iman Dr. 0519, La Jol la, CA 92093, and NBER (e-mail: jgraffzivin@ucsd.
edu); Neidel|: Columbia University, Department of Heal th Policy and Management, Mailman School of Public
Heal th, 600 W. 168th Street, 6th Floor, New York,NY 10032, and NBER (e-mail: mn2191@co lumbia.edu). We
thank numerous individuals and seminar participants at RAND, UC-Irvine, Maryland, Cornel |, Tufts, Michigan,
University of Washington, University of British Columbia, CUNY Graduate Center, Yale University, Columbia,
UC-San Diego, and the NBER Heal th Economics meeting for helpful suggestions. Wearealso particularly indebted
to Udi Sosnik for helping to make thisproject possible, and Shlomo Pleban for assistance in col lecting thedata, both
of Orange Enterprises. We are grateful for funding from the National Institute of Environmental Heal th Sciences
(1R21E8019670-01), the Property and Environment Research Center, andseed grants from the Institute for Social
and Economic Research and Policy and the Northern Manhattan NIEHS.

TTo view additional materials, visit the article page at http:/dx.doi.org/10.1257/aer.102.7.3652.

"Numerouscost-of-il | nessstudies that focus on hospital outcomessuch as length of hospital stay also implicitly
focus on labor supply impacts.

2In anotable casestudy, Crocker and Horst (1981) examined the impacts of environmental cowditionson 17
rus harvesters. They found a small negative impact on productivity from rather substantial levels of pol lution ir
Southern Californiain theearly 1970s.
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productivity fromother inputs (i.e., capital and technology), so that obtaining clean
measures of worker productivity is a perennial chal lenge. Two, exposure to pol-
lution levels is typical ly endogenous. Since pollution is capitalized into housing
prices(Chay and Greenstone 2005), individuals may sort into areas with better air
quality depending, in part, on their income, which is a function of their productivity
(Banzhaf and Walsh 2008). Furthermore, even if ambient pol lution is exogenous,
individuals may respond to ambient levels by reducing time spent outside, so that
their exposure to pol lution is endogenous (Neidel | 2009).

In this paper, we use a unique panel dataset on the productivity of agricultural
workers to overcome these chal lenges in analyzing the impact of ozone pol lution
on productivity.Our dataon daily worker productivity is derived from an electronic
payrol| systemused by a large farm in the Central Val leyof California that paysit
employees through piece rate contracts. A growing body of evidence suggests that
piece rates reduce shirking and increase productivity over hourly wages and rela-
tiveincentiveschemes, particularlyinagricul tural settings (Bandiera, Barankay, an
Rasul 2005, 2010; Lazear 2000; Paarsch and Shearar 1999, 2000; Shi 2010). Given
the incentives under these contracts, our measures of productivity can be viewed as
a reasonable proxy for productive capacity under typical work conditions.

We conduct our analysis at a daily level toexploit the plausibly exogenous daily
fluctuationsn ambient ozone concentrations. Al though aggregate variation in envi-
ronmental conditionsis largely driven by economic activity,daily variation in ozone
is likely to be exogenous. Ozone is not directly emitted but forms from complex
interactions between nitrogen oxided @0 volatile organic chemicals (VOCs),
both of which are directly emitted, in the presence of heat andsunlight. Thus, ozone
levelsvaryinpart because of variationsin temperature,but also because of thehighly
nonlinear relationship withah@ VOCs. For example, the ratio of d0/OCs
is almost as important as the level of each in affecting ozOhaflidamhener
and Kel logg 2011), so that smal | decreases jrcdNCeven lead to increasesin
ozone concentrations, which has become the leading explanation behind the “ozone
weekend effect” (Blanchard and Tanenbaum 2003). Moreover, regional transport
of NQ, from distant urban locations, such as Los Angeles and San Francisco, has
a tremendous impact on ozone levelsin the Central Valley (Sil Iman 1999). Given
the limited local sources of ozone precursors, thissuggests that the ozone formatior
process coupled with emissions from distant urban activitiesare the driving forces
behind the daily variation in environmental conditions observed near this farm.

Furthermore, the labor supply of agricultural workers is highly inelastic in the
short run. Workers arrive at the fieldin crews and return as crews, thus spending
the majority of their day outside regardless of environmental conditions. Moreover,
since we have measures of both the decision to work and the number of hours
worked, we can test whether workers respond to ozone, and in fact we are able to
rule out even smal | changes in avoidance behavior. Thus, focusing on agricul tural
workersgreatly limits the scope for avoidance behavior, further ensuring that expo-
sure topol lution is exogenous in thissetting, and that we are detecting productivity
impacts on the intensive margin.

Al though these workers are paid through piece-rate contracts, worker compensa-
tion is subject to minimum wage rules, which can al ter the incentive for workers
to supply costly effort. Since the minimum wage decouples daily job performance

ED_000584A 00001561



3654 tHE AMERicAn EconoMic REVIEwW dEcEMBER 2012

from compensation, workers may have an incentive to shirk. If pollution leads to
more workers earning the minimum wage, and this in turn induces shirking, linear
regression estimates wil | be upward biased. On the other hand, the threat of termi-
nation may provide a sufficientincentive to provide effort, particularly in our set-
ting where output iseasily verifiedand labor contracts are extremely short-lived, in
which case linear regression models should be unbiased.

After merging this worker data with environmental conditions based on read-
ings from air quality and meteorology stationsin the California air monitoring net-
work, we firstestimate linear models that relate mean ozone concentrations during
the typical workday to productivity. We findthat ozone levels wel | below federal
air quality standards have a significantimpact on productivity: a 10 parts per bil-
lion(ppb) decrease in ozone concentrations increases worker productivity by 5.5
percent. To account for potential concerns about shirking, we artificial lyinduce
“bot toneoding” on productivity measures for observations where the minimum
wage binds, and estimate censored regression models. Under this specificationthe
actual measures of productivity when the minimum wage binds no longer influence
estimates of the impact of ozone on productivity. Thus, if the marginal effects of
productivity on this latent variablediffer from themarginal effects fromour baselir
linear model, this would indicateshirkingisoccurring. Our resul ts, however, remain
unchanged, suggesting that the threat of termination provides sufficientincentives
for workers tosupply effort even when compensation is not direct |y tied to output.

These impacts are particularly noteworthy as the US Environmental Protection
Agency is currently contemplating a reduction in the federal ground-level ozone
standard of approximately 10 ppb (Environmental Protection Agency 2010). The
environmental productivity effect estimated in this paper offers a novel measure of
morbidity impacts that are both more subtle and more pervasive than the standard
heal th impact measures based on hospitalizations and physician visits. Moreover,
they have the advantage of already being monetized for use in the regulatory cost-
benefitcalculations required by Executive Order 12866 (The White House, 1994).

In developing countries, where environmental regulations are typical ly less strin-
gent andagricul tureplaysamoreprominent rolein theeconomy, thisenvironmental
productivity effect may haveparticularly detrimental impactson national prosperit

The paper is organized as follows. Section | brieflysummarizes the relation-
ship between ozone and heal th, and highlights potential ly important confounders.
Sectionll describes the piece-rate and environmental data. Section Il provides a
conceptual framework that largely serves to guide our econometric model, which is
described in Section IV.Section V describes the resul ts, with a conclusion provided
inSection VI.

I. Background on Ozone and Health

Ozone affects respiratory morbidity by irritating lung airways, decreasing lung
function, and increasing respiratory symEorniggnmental Protection Agency
2006). Studies have consistent |y linked higher ozone concentrations with increased
heal th care visits for respiratory disssses.§., Neidel | 2008but ozone can
also lead to minor insults that may not necessitate the use of formal health care. F¢
example, research findsdecreases in forced-expiratory volumecar nigis in
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Taiwan(Chan and Wu 2005and agricul tural workers in British Columbia, Canada
(Brauer, Blair, and Vedal 199@n at levelsbelow prevailing air quality standards.
Symptoms from ozone exposure can arise in as little as one hour, with effects exac-
erbated by exercise and with continued duration of expesarg, (Gong et al.
1986; Kul le et al. 1985; McDonnel | et al., 1883} of which are particularly rel-
evant for our study population given the physical demands of the task and prolonged
exposure. How these respiratory changes affect productivity is not wel |l understood,
though it is plausible to think that diminished lung functioning would negatively
impact productivity for physical |y demanding work such as that found in agricul ture.
Recovery from ozone, once removed from exposure, is also quite rapid. Nearly
all lung functioning returns to baseline levels in healthy adults within 24 houl
of exposure, although recovery can take longer for hyper-responsive adul ts with
under lying heal th conditions (Folinsbee and Hazucha 2000; Folinsbee and Horvath
1986).° Since ozone levels fal | considerably overnight as heat and sunlight decline,
we expect |agged ozone to haveminimal impacts on the productivity of our healthy
worker population. Asa resul t, we focus our analysesprimarily on the contempora-
neous relationshipbetween ozone and productivity. Theimpact of lagged ozone con-
centrationsisalso explored in order to confirm that our workers are indeed heal thy
As noted in the introduction, ozone formation depends, in part, on ambient tem-
peratures. Human exposure to high temperature can lead to severe negative heal th
effects, including heat cramps, exhaustion, and stroke, as well as more subtle
impacts on endurance, fatigue, and cognitive performance (e.g., Gonzalez-Alonso
et al. 1999; Hancock, Ross, and Szalma 2007), al | of which may diminish the pro-
ductivity of workers. The impactscan arise in less than an hour (Hancock, Ross, and
Szalma 2007) and are likely nonlinear,as it ismostly temperature extremes outside
the “comfort zone” that appreciably affect heal th (Hancock and Warm 1989). As
such, our empirical modelswill include flexible controls for temperature.

Il. Data

Our data comes from a unique arrangement with an international software pro-
vider, Orange Enterprises (OE). OE customizes paper lesspayrol | collection for cli-
ents,called thePayrol | Employee Tracking (PET) Tigersoftwaresystem. it tracks the
progress of employeesby collecting real-time data on at tendance and harvest level:
of individual farm workersin order to facilitate employee and payrol | management.
The PET Tiger software operates as fol lows. The software is instal led on handheld
computers used by fieldsupervisors. At the beginning of the day, supervisors enter
the date, starting time, and the crop being harvested. Each employee clocks in by
scanning the unique barcode on his or her badge. Each time the employee brings a
bushel, bucket, lug, or bin, his or her badge is swiped, recording the unit and time.
Data col lected in the fieldis transmitted to a host computer by synchronizing the
handheld with the host computer, which facilitates the calculation of worker wage:

We havepurchased the rights to daily productivity data froma farmin the Central
Valleyof California that uses thissystem. Toprotect theidentity of the farm, we car

3Although lung functioning recovers after exposure, long-term damage to lung cel Ismay stil |l occur (Tepper et
al. 1989).
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only reveal limited information about their operations. The farm, with a total sizeo
roughly 500 acres, produces blueberries and two types of grapes during the warmer
months of the year. The farm offers two distinct piece-rate contracts depending on
the crop being harvested: time plus pieces (TPP) for the grapes and time plus al |
pieces (TPAP) for blueberries. Total daily wages (w) from each contract can be
described by the fol lowing equations:

(M TPP. w = 8h + p- (g-minpcs- h) - i(q> minpcs - h)

TPAP: w

8h + p-q i(qg > minpcs - h),

where the minimum wage is $8 per hdéuis hours workeg is the piece rate,s

daily output, minpcsis the minimum number of hour |y pieces to reach the piece rate
regime, and j is an indicator function equal to 1if the worker exceeds the minimum
daily harvest threshold to qualify for piece-rate wages and 0 otherwise. In both
settings, if the worker’saverage hourly output does not exceed minpcs, the worker
earns minimum wage. The marginal incentive for a worker whose output places
them in the minimum wage portion of the compensation schedule is jobsecurity.in
TPP, the marginal incentivein the piece rate regime is the piece rate. TPAPslightly
differsfrom TPPin that it pays piece ra&¥ poaces when a worker exceeds the
minimum hour ly rate (as opposed to paying piece rate only for the pieces above
the minimum). Hence, the payoff at minpcs is nonlinear and provides a stronger
incentive to reach the threshold under this contract. The incentive beyond this kink
remains linear as under TPP.

The worker dataset we obtained consists of a longitudinal filethat fol lows work-
ersover time by assigning workers a unique identifier based on the barcode of their
employee badge. It includes information on the total number of pieces harvested by
each workérthe location of the fieldthe type of crop, the terms of the piece rate
contractfime in and out, and the gender of the Wbkierquality is extremely
high, as its primary purpose is to determine worker wages. The analyses in this
paper are based on data from the farm for their 2009 and 2010 growing seasons.

Our measures of environmental conditions come from data on air quality and
weather from the system of monitoring networks maintained by the California Air
Resources Board (2012). These data offer hourly measures of various pollutants
and meteorological elements at numerousmonitoringsites throughout thestate. Th

“For one of the three crops, harvests are done in crews of three and individual productivity is measured as the
total output of the crew divided by the crewsize. While crew work could introduce free-riding incentives, our mea-
sure of the environmental productivity effect will only be biased if these incentives change due to pollution. This
wil I only occur if both of the fol lowing are true: workers are differential |y affected by ozone and the complemen
tarities in team production are very high (e.g., Leontief production). While each member of a crew has a specific
task, they typically help each other throughout the day, suggesting that labor is indeed substitutable within tt
crew. Moreover, Hazucha et al. (2003) findlittle evidence of heterogeneous heal th impactsof ozone across healthy
men and women. Thus, assigning average productivity measures to individuals within a crew should not bias our
estimates.

SPiece-rate contracts, and thus minimum daily harvest threshelds, are fixedto the crop for the duration of the
season. For simplicity, we label the two types of grapes as two crops given that they have different contracts.

8 Although we have limited data on the demographic characteristics of our workers, demographics of piece-rate
agricultural workersin California obtained from the National Agricultural WorkersSurvey, an employment-basec
random survey of agricultural workers, indicates these workers are poor, uneducated, and speak limited English,
with the vast majority migrants from Mexico.
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farmisin close proximity to several monitors: three monitors that provide measure-
ments of ozone and other environmental variables are within 20 miles of the farm,
with the closest Iess than 10 miles’a@veayal | environmental variables, we com-

pute an average hourly measure for the typical work day, whichagt@ns at 6
endsat 3 pm.

Weassign environmental conditions to the farmusing data from the closest mon-
itoring station to the farm. While studies findthat ozone measurements at fixed
monitors are often higher than measurement from personal monitors attached to
individualsin urban settif@dNeil | et al. 20Q3)his is less of a concern in the
agricultural setting where ratios of personal to fixedmonitors have been found
to be as high as 0.98rauer and Brook 199%ur thermore, even when the dif-
ference exists, the within-person variation is highly correlated with the within-
monitor variatio®’'Neil | et al. 2003As a crude test for spatial uniformity of
ozone levels, we regressozone levels from the closest monitor to the farm against
the second closest monitor with data available for both years, which is roughly
30 miles away, and obtain aha® 0.85° Thus, despite its simplicity, we expect
measurement error using our proposed technique for assigning ozone to the farm
to be quitesmall.

Our data follows roughly 1,600 workers intermittently over 155 days. Table 1
showssummary statistics for worker output and characteristics, environmental vari-
ables, and a breakdown of the samplesize. There are three main crops harvested by
this farmiUnder the TPAPcontracts, which are used to harvest crop type 1, workers
reach the piece-rate regime 24 percent of workdays. For the crops paid under TPP,
workers reach the piece-rate regime 57 percent of workdays for crop&and 47
cent of workdays for crop 3. Under these contracts, the average hourly wages are
$8.41, $8.16, and $8.41 for each of the three crops, respectively. We also see that
variation in worker output is equal ly driven by variation within as wel | as across
workers. Worker tenure with the farm is rather short, averaging 20 days, and both
genders are wel | represeffted.

In terms of environmental variables, the average ambient ozone level for the day
is under 50 ppb, with a standard deviation of 13 ppb and a maximum of 86 ppb.
Since this measure of ozone is taken over the average workdagnf torfn,
it corresponds closely with national ambient air quality standards (NAAQS), which
arebased on eight-hour ozone measures. Current NAAQSare set at 75 ppb, suggest-
ing that, whileozone levelsduring work hours can lead to exceedances of air-quality
standards, most workdays are not in violation of regulatory'sfendistdst
with the area being prone to ozone formation, mean temperature and sunlight (as
proxied by solar radiation) are high, and precipitation is low.

"Toprotect the identity of the farm, we cannot reveal the exact distance.

®Comparabl| B2 for temperature is0.94 and for particulate matter Ie&‘g/trhé,raﬁﬁqher pol lutant of much
interest, isonly 0.27; hence we do not focus on thisimportant pollutant but include it as a covariate.

®The timing of the harvest is determined by when each crop is ready to be picked, so workers have little discre-
tion over which crop to harvest on any given day. Weexplore the potential impact of worker selection into crops
inSection VC.

CGender isnot reported for 19 percent of thesample.

“Violation of NAAQS s based on the daily maximum eight-hour ozone. Since our measure of ozone begins
at 6am, a time when ozone levelsare quite low, the daily maximum eight-hour ozone is general |y higher than our
measure.
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Table 1—Summary Statistics

SD SD between
Observations Mean SD within worker workers
Panel A. Productivity variables (n = 35461)
Minimum wage regime
Time + all pieces, $0.5/Piece 11,752 2.03 0.57 0.44 047
Time + pieces, $0.3/Piece 3,761 3.07 0.78 0.65 0.70
Time + pieces, $1/piece 5918 229 0.48 0.31 044
Hours worked 21,431 7.64 1.29 0.76 1.20
Piece-rate regime
Time + al | pieces, $0.5/Piece 3,675 342 0.40 0.30 0.32
Time + pieces, $0.3/Piece 5115 493 0.86 0.70 0.64
Time + pieces, $1/piece 5,240 3.88 0.82 0.50 0.66
Hours worked 14,030 7.34 1.53 0.96 1.36
Worker characteristics
Tenurdweeks) 35,461 278 2.49
Percent male 35,461 0.30 0.46
Percent female 35,461 0.51 0.50
Mean SD Min Max
Panel B. Environmental variables (n = 155)
Ozone (ppb) 47.77 13.24 10.50 86.00
Temperature (F) 78.15 8.52 56.30 96.98
Atmospheric pressure (mb) 1,001.55 6.48 988.86 1,012.59
Resul tant wind speed (mph) 274 0.53 1.61 4.60
Solar radiation (Wam 837.33 174.07 187.00 1,083.33
Precipitation (mm) 240 5.05 0.00 35.48
Dew point (F) 51.96 581 33.14 63.43
Particulate matter <2,5rtd) 11.69 574 1.00 24.44
Panel ¢. Sample
Number of dates 155
Number of employees 1,664

notesThe sample size in panel A refers to worker-days, while thesample size in panel B refers to the number of
harvest dates. SD: Standard deviation. Crop 1is time plus al | pieces, with a piece rate of $0.5/piece and minimum
pieces per hour of three.Crop 2 is time pl us pieces, with a piece rate of $0.3/piece and minimum pieces per hour of
four. Crop 3is time plus pieces, with a piece rate of $1/piece and minimum pieces per hour of three.

For a deeper look at productivity,Figure 1plots the distribution of average pieces
collected per hour by cropand overal |, with a linedrawn at the rate that correspon
with the level of productivity that separates the minimum wage from the piece-rate
regime(the regime threshold). To combine productivity across crops, we standard-
ize average hourly productivity by subtracting the minimum number of pieces per
hour required to reach the piece-rate regime and dividing by the standard devia-
tion of productivity for each crop, so the value that separates regimes is 0. For the
crop paid TPAP, we see evidence of mass displaced just before the regime thresh-
old, which is consistent with the strong incentives associated with just crossing the
threshold under this payment scheme. For the two cropspaid TPP, the distribution of
productivity fol lows a symmetric normal distribution quite closely, with the excep-
tion of somedisplacement immediately surrounding the regime threshold for crop 2.
Since crop 2 is harvested at a rate roughly 50 percent higher than crop 3, asshown
in Table1, it may be easier for workerswho are close to the threshold to push them-
selvesjust aboveit by col lectinga littlemore. If shirking occurs when the minimum
wage binds, then we would expect part of the distribution to be shifted away from
the area just left of the regime threshold and into the left tail. These plots, howeve
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Crop 2 (time + pieces, $0.3/p)
|

Crop 1 (time + all pieces)
[l

=2
2
8 Crop 3 (time +I pieces, $1/p) Toltal

5
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Figure 1. Standardized Average Hourly Pieces Col lected by Crop and for All Crops
notesThis figurglots thestandardized average hourly pieces for each of the three cropsand al |l crops, along with
a nonparametric Kernel density estimate. Westandardize average hourly productivity by subtracting the minimum

number of pieces per hour required to reach the piece-rate regime and dividing by the standard deviation of pro-
ductivity for each crop. The vertical line reflectsthe regime threshold for crossing from the minimum wage to the

piece-rate regime, which is zero for al | crops given the standardization.

0.6+

Density

0

Figure 2. Variation in Productivity by Worker, Al | Crops

notesThis figurelots the mean of thestandardized average hourly pieces for al | crops by worker. Westandardize
average hourly productivity by subtracting the minimum number of pieces per hour required to reach the piece-rate

regime and dividing by the standard deviation of productivity for each crop.

do not exhibit such pat terns, suggesting that shirking among those receiving a fixed

wage is minimal .
The significantvariation in pieces col lected in Figure 1is also noteworthy, as this

is critical for obtaining precise estimates of the impact of ozone. Figures2 and 3
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Density

0

Figure 3. Variation in Productivity by Day, All Crops

notesThis figureplots the mean of the standardized average hourly pieces for all crops by day. Westandardize
average hourly productivity by subtracting the minimum number of piecesper hour required to reach the piece rate
regime and dividing by the standard deviation of productivity for each crop.

further il lustrate thisvariation both within and across workers. For Figure 2, we col
lapse the data to the worker level by computing each worker’smean daily produc-
tivity over time. For Figure 3, we col lapse the data to the daily level by computing
the mean output of al | workers on each day. Thissignificantvariation suggests that
both worker ability and environmental conditions appear to be important drivers of
worker productivity.

Toillustrate the relationship between ozone and temperature, Figure 4 plots the
demeaned average hourly ozone and temperature by day separately for the 2009
and 2010 ozone seasons, with an indicator for days on which harvesting occurs for
each crop. This Figure reveals considerable variation in both variables over time.
Importantly, while ozone and temperature are often correlated—temperatureis a
input into the production of ozone—there is ample independent variation for con-
ducting our proposed empirical té3e also control for temperature flexiblyto
ensure that we are proper |y accounting for this relationship.

Il. Conceptual Framework

In thissection, we develop asimple conceptual model toil lustrate worker incen-
tivesunder apiece-rate regimewith a minimumwage guarantee. Webegin by assum-
ing that theoutput gfor anygivenworker isa function of efforteandpollution leve
Q. Workersare paid piece rate p per unit output, but only if their total daily wage

2TheR? from a regression of ozone on temperature alone is 0.61. When we more flexiblycontrol for tempera-
ture and also include additional environmental variables as specifiedn the econofdesciibmddel ow),
the Rincreases to 0.85.
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Figure 4. Average Demeaned Daily Ozone and Temperature, and Crop Harvest Days, by Year

noteThese figureplot demeaned ozone and temperature levelsby day for 2009 and 2010, and indicate the days
each of the three crops were harvested.

isat least as large as the daily minimumpdage anticipation of our empirical
model, we let zero denote the threshold level of output at which workers graduat
from the minimum wage regime. Since employment contracts are extremely short-
lived, we assume that the probability of job retention tis an increasing function of
output levels g wheerr 0.'* Denoting the costs of worker effort as c(e) and the
value associated with job retention as k, we can characterize the workers’ maximiza-
tion problem above andbelow the threshold output level.

For those workers whose output level qualifiesthem for the piece-rate wage
(g = 0), effort will be chosen in order to maximize the fol lowing:

(2) max pqg(e,Q) - c(e).

BWhile minimum wage standards are typical |y fixedat an hour |y rate, the fixed-lengthworkday in our setting
allowsus to translate thisinto adaily rate.

" The assumption of perfect retention for those above the threshold is made for simplicity. As long as the prob-
ability of job retention is higher for those workers whose harvest levels exceed the threshold, the basic intuition
behind the results that fol low remain unchanged.
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For those workers whose output level places them under the minimum wage regime
(g < 0), effort wil | be chosen to maximize the fol lowing:

3) maxy - 1(q(e,Q)) k - c(e).

The first-order conditions for each are

, 09 _ 3c _ ,
@) Prgde "3 - O
: _o1 99, _ dc _

(3) Hqé’ek de 0.

Under the piece-rate regime, workers wil | supply effort such that the marginal cost
of that effort is equal to additional compensation associated with that effort. Fo
those workers being paid minimum wage, the incentive to supply effort is driven
entirely by concerns about job secdM{grkerssupply effort such that the mar

ginal cost of that effort isequal to the increased probability of job retention associ-
ated with that effort times the value of job retention.

The threat of punishment for low levels of output is instrumental in inducing
effort under the minimum wage regime. If workers are homogenous and firmset
contractsoptimal ly, the gains from job retention due to extraeffort wil |l be set equ:
to the piece-rate wage, i.egfk = p, such that effort exertion wil |l be identical
across both segments of the wage contract. If firmsare unable to design optimal
contracts, effort wil | differ across regimes. Of particular concern is the situation it
which terminationincentivesare Iow-powerecgfi.te.,<—p. In this case, workers
essential ly have a limited liability contract, and thus have incentives to shirk unde
the minimum wage regime. Moreover, since the productivity impacts of pol lution
increase the probability of workers fal ling under the minimum wage portion of the
compensation scheme, pol lution wil | also indirectly increase the incentive to shirk,
which we must account for in our econometric model.

V. Econometric Model
The worker maximization problem characterized in the previous section suggests
the fol lowing econometric model:
4) Elq|Q,X] = P(@ = 0]Q,X) x E[q|Q,X,q 2 0]
+ (1 - P(g 2 0]Q,X)) x E[q|Q,X,q < 0],

whereP is the probability a worker has output high enough to place them in the
piece-rate regime,-f P is the probability a worker’s output places them in the

5 This is conceptual ly quite similar to the model of efficiencywages and unemployment advanced in Shapiro
and Stiglitz (1984), where high wages and the threat of unemployment induce workers to supply cost |y effort.
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minimum wage regime, and X are other factors that affect productivity (described
in more detail below). We are primarily interested in the direct effect of pol lution
on productivity (the environmental productivity effect), and use two approaches for
estimating this relationship. First, we estimate the fol lowing linear model:

(5) q = BOISQ + eolsx + sols,

whereB°*is the sum of the direct impact and, if it exists, the indirect impact of
pollution on productivity via shirking. If the piece-rate contract isset optimal ly by
imposing an appropriate termination threat as described in the previous section,
thereisnoincentive toshirkdfdil | only capture theenvironmental productiv-

ity effect. Totheextent that contractsare not set optimal |y and thereisan incentive
to shirk in the minimum wage reg®¥wil | instead reflectnot only the environ-
mental productivity effect, but also the indirect effect due to the interaction of tt
pollution effect with shirking incentives, and hence provide an upper bound of the
estimate of theenvironmental productivity effect.

Toaccount for potential shirking, as a second approach we estimate equation (4)
by artificial | y'bottom-coding” our data and estimating censored regression models.
Todo this, we leave al | observations in the piece-rate regime asis, but assign a mea-
sure of productivity of 0 to all observations in the minimum wageTiegsme.
our estimationstrategy can be viewed asa Typel Tobit model of the fol lowing form:

(6) q* = BcenQ + ecenx + Ecen
g=q if gz0
qg=0if g <0,

whereq” is the latent measure of productivity. Because we are interested in the
impact of pol lution on actual productivity, which can take on values less than zero
theenvironmental productivity effect is the marginal effect of pol lution on the lat¢
variablg’, which issimpl $°® Important|ly, theactual valuesof productivityin the
minimum wage regimewil | haveno impact on the likelihood function, and hence on
B That is, if shirking occursso that the distribution of productivity in the mini-
mum wage regime isshifted to the left, thisshift will no longer influencesstimates
of B°*"because they have been censored. Therefore, even if workers are shirking
when paid minimum wage, our estimat@&®iwil | only capture theenvironmental
productivity effect.

Weinclude data from al | crops in one regression by using the standardized mea-
sures of productivity described in the data section. We specify ozone in units of
10 ppb since this value is close to prior and recently proposed policy changes for
ozone in the United States. Given our standardization of the dependent variable, the

8 Although environmental conditions may affect workers, they may also have a direct impact on crops. While
there is considerable evidence to support the claim that chronic exposure to ozone affects crop yield (see, e.g,,
Manning, Flagler, and Frenkel 2003), there is no evidence tosupport an effect from acute exposure.

"Because of our standardization of productivity,avalueof 0 represents the val ue when workersswitch from the
minimum wage to piece rate regime.
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coefficientgan be interpreted as a standard deviation change in productivity from
a 10 ppb change in ozone. Tocontrol for other factors that may affect productiv-
ity, the vector X includes controls for gender, tenure with the farm (a quadratic)
temperature, humidity, precipitation, wind speed, air pressure, solar radiation, and
fingarticulate matter (PM2.5), al | measured as the mean over the typical workday.
Since ozone is formed in part because of temperature and sunlight, it is essential
that we properly control for these variables. Todo this, we include a series of tem-
perature indicator variables for every 2.5 degrees Fahrenheit, and also interact these
indicators with solar radiation. Tocontrol for humidity, we use dew point tempera-
ture, a measure of absolute humidity that is not a function of temperature (Barrec:
2012), and also include indicator variables for every 2.5 degrees FaWeenheit.
also include a series of day-of-week indicators to capture possible changes in pro-
ductivity throughout the week, indicator variables for the crop to account for th
meanshift in productivity fromdifferent contracts, and year-month dummies to con-
trol for trendsin pollution and productivity within and across growing seasons. Al |
standard errors are two-way clustered on the date because the same environmental
conditions are assigned to al | workers on a given day and on the worker to account
for serial correlation in worker productivity (Cameron, Gelbach, and Mil ler 2011).
In addition to the aforementioned concerns regarding shirking, several additional
primary threats to identificationremain. As previously discussed, potential con-
founding due to weather may bias results, so we control flexiblyfor temperature
andsunlight—two important inputs into the ozone formation process. Furthermore,
labor supply decisions may respond to ozone |levels.Since we have measures of days
and hoursworked, we direct |y exploresuch responses. Last |y, if there isheterogene-
ity in theproductivity effectsof ozone and workersselect into crops, thismay hinder
inference. To assess this, we explore both the heterogeneity of ozone effects and
whether ozone or worker characteristics are related to crop assignment.

V. Results
A. Labor Supply Respo nses

Webegin by assessing our ear lier claim that the labor supply of agricul tural work-
ersisinsensitive to ozone levelsin thissetting. Weestimate linear regression models
for the decision to work and the number of hours worked (conditional on working),
both with and without worker fixeckeffects. Shown in Table2, the resultsin the first
two columns, which focus on the decision to work, provide no evidence of a labor
supply response to ozofielhe second two columns also reveal that the number of
hours worked is not significant lyrelated to ozone levels. Even at the {ower 95 per
cent confidencanterval,a 10 ppbincrease in ozone is associated witha0.28 drop in
hours worked, which is a roughly 17-minute decrease in hours worked. The insensi-
tivity of these results to including worker fixedkffectsstrengthens our confidencan
these findingsThus, consistent with our contention that avoidance behavior is not

®Marginal effects from logit and probit models for the decision to work arevirtual ly identical to the resul ts fror
the linear probability model.
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Table 2—Regression Resultsof the Effect of Ozone on Avoidance Behavior

Extensive margin: Intensive margin:
probability(work) hours worked
M @ &) )
Ozone (10 ppb) 0.001 -0.001 0.015 0.026
[0.026] [0.027] [0.149] [0.154]
Worker fixed effect N Y N Y
Mean of dep. var. 0.805 0.905 7.52 7.52
Observations 39,223 39,223 35,461 35,461
R 0.12 0.17 0.33 0.36

notesStandard errors clustered on date and worker in brackets. Hours worked is conditional
upon working. All regressionsinclude controls for gender, fanuathratie), tempera-

turg2.5 degree F indicators), solar radiation, tempd2fidegree F indicatorspolar

radiation, air pressure, wind speed, dew dindegree F indicators), precipitation, particu-

late matter < 2.5 day of week dummies, monktyear dummies, and piece rate contract

type dummies. All environmental variables are the mean of hourly values from 6 am-3 pm.

Table 3—Main Regression Results of the Effect of Ozone on Productivity

1) 2 ) )

Ozone (10 ppb) -0.143** -0.174** -0.164 -0.155

[0.068] [0.074] [0.109] [0.100]
Model Linear Tobit Median Censored median
Mean of dep. var. -0.323 -0.323 -0.323 -0.323
Observations 35,461 35,461 35,461 25,955
(Psuedo) R 0.34 0.12 0.22 0.28

notesStandard errors clustered on date and worker in brackets. The dependent variable is
standardized hourly pieces col lected, which is the average hourly productivity minus the mini-
mum number of pieces per hour required to reach thepiece rate regime, divided by thestandard
deviation of productivity for each crop. All regressionsinclude controls for gender, farm ten-
ure{quadratic), temperature (2.5degreeF indicators), solar radiation, temperature (2.5 degree
F indicatorsysolar radiation, air pressure, wind speed, dew point (2.5 degree F indicators),
precipitation, particulate matter g @dyipof week dummies, monkhyear dummies, and
piece rate contract type dummies. All environmental variables are the mean of hourly val-
ues from @m-3 pm. Bootstrapped standard errors for both median regressions were obtained
using 250 replications.

***Significant at the 1 percent level.

**8ignificant at the 5percent level.
*Significant at the 10 percent level.

an issue in thissetting, farm workers do not appear to adjust their work schedulesin
response to ozone levels.

B. Main Productivity Results

In Table 3, we present our main results. Column 1 presents results from our
linear regression model. The estimated coefficien suggests that a 10 ppb increase
in ozone leads to a statistical |y significantdecrease in productivity of 0.143 of a
standard deviatitnBased on the distribution of ozone and productivity in our
sample, this estimate implies that a 10 ppb decrease in ozone increases worker

®Although we control for other local pollutants that might affect productivity,such asPM2.5, we do not contrc
for NQ because it is a precursor to ozone formation. The transport of ozone, however, suggests that most of the
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productivity by 5.5percent. If wage contracts areset optimal ly, thisis an unbiased
estimate of the effect of ozone pollution. If contracts are not set optimal ly ant
workersshirk when the minimum wage binds, then thisestimate wil |l overstate the
impact of ozone. In column 2 we show resul ts from a Typel Tobit model, where

we artificial | ycensor observations when the minimum wage binds, and finda
slightly larger estimate of 0.174 standard deviation effect from a 10 ppb change
in ozone, with the difference not statistical |y different from those found under th
linear modét.

Since this Tobit model assumes normality and homoskedasticity, we assess the
sensitivity of our results to these assumptions by estimating a censored median
regression model, also displaying results from an uncensored median regression
mode! as a reference pcin®hown in column 3, the median regression estimate
of 0.164 is quite comparable to the linear regression estimate, which is not surpris-
ing given the distribution of productivity shown in Figure 1. The censored median
regression estimate of 0.155, shown in column 4, is also quite similar to the esti-
mates from the parametric censored models, lending support to the parametric
assumptions of the Tobit model. The comparability of the four estimatesin this table
suggests that shirking due to the minimumwage is relatively minimal in thissetting.
Thus, the basic linear regression specificatiorappears to yield unbiased estimates of
the pol lution productivity éffect.

In Table4, we explore the sensitivity of the linear estimates to various additional
assumptions. Column 1 repeats the baseline results. In column 2 we include worker
fixeceffects. Although thisincreases the explanatory power of our regressions con-
siderably, the estimates for ozone fall somewhat to 0.101, though this change is
not statistical |y significant.Thus, consistent with the notion that workers are nof
selecting into employment on any given day based on 0zone concentrations, cross-
sectional and fixed effectsestimates are quite similar.

Figure 1 provided some evidence that worker effort changes near the regime
threshold, particularly for crop 1 where contracts are TPAP.If higher ozone levels
reduce productivity and hence make it more likely for workers to fall into the mini-
mum wage regime, this offsetting increase in effort may bias our resul ts downward.
In the next two columns of Table4, we address this by excluding observations that
areclose to the regime threshold, varying our definitionof “close.” Consistent with
expectations, our results are slightly larger as we exclude more observations, but
these differences are minimal.

While our data agreement entitles us to productivity data aggregated to the dail
level, we have time-stamped measures for crop 1, thus al lowing us to explore how
the impacts of ozone vary throughout the day. There are two notable limitationsir

NO, that contributes to the production of ozoneisemitted in urban centers far from the farm. Consistent with this,
if we add a control for local| N@ coefficient on ozone changes minimal ly.

P Consistent with these results, if we specify the dependent variable as the probability the worker reaches the
piece-rate regime, we findthat ozone reduces thisprobability by 5.9 percentage pointsand isstatistical |y significant
at the 10 percent level.

Z'Weestimate a censored median model using the three-step procedure developed by Chernozhukov and Hong
(2002).

ZConsistent with the notion that shirking may be minimized through the threat of termination, we findthat
workers in the lower deciles of the productivity distribution are much more likely to separate from the farm than
those in the upper deciles (unreported resul tsavailable upon request from the authors).
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Table 4—Sensitivity of Regression Resul tsof the Effect of Ozone on Productivity

M @) €) ) ©) © ) ®
Ozone -0.143** -0.101* -0.148** -0.160** -0.197*** -0.197*** -0.248*** -0.229***
(10 ppb) [0.068] [0.059] [0.079] [0.080] [0.0883] [0.0686] [0.0788] [0.0842]
1 lag ozone 0.004 -0.066
(10 ppb) [0.045] [0.056]
2 lag ozone 0.114**
(10 ppb) [0.0493]
Sum of coefficients -0.193 -0.182
[0.076]** [0.100]*
Model Baseline Worker Exclude Exclude Exclude Exclude Exclude Exclude
fixed obs. 0.1SD obs. 028D Monday Monday Monday Monday
effect of regime of regime and and
threshold threshold Tuesday Tuesday
Mean of dep. var. -0.323 -0323 -0.360 -0389 -0235 -0.235 -0.183 -0.183
Observations 35461 35461 31,706 29,376 25,456 25,456 17,498 17,498
R 0.34 0.59 0.36 0.38 0.36 0.36 0.35 0.36

notesStandard errors clustered on date and worker in brackets. The dependent variable is standardized hourly
pieces col lected, which is the average hourly productivity minus the minimum number of pieces per hour required
to reach the piece rate regime, divided by the standard deviation of productivity for each crop. Al l regressionsare
based on linear models that include controls for gender, farm tenure (quadratic), temperature (2.5 degree F indica-
tors), solar radiation, temperétGregree F indicatorspolar radiation, air pressure, wind speed, dew point
(2.5 degree F indicators), precipitation, particulate&itfigrday of week dummies, monktyear dummies,
and piece rate contract type dummies. All environmental variables are the mean of hourly values from 6 am-3 pm.

***Significant at the 1 percent level.

**Significant at the 5percent level.
*Significant at the 10 percent level.

this intraday analysis: (i) while pieces can be delivered at any time, environmental
variables are measured by clock hour; and (ii) workers sometimes deliver several
pieces at once. Asa result, we construct hourly productivity measures using linear
interpolation. We then use this linearly interpolated hourly data toexamineintrad
impactsby interactingozonewith the hour of theday,also control ling for hour of th
day to account for changes in fatigue as the day progresses. Al Esbuggntéhe

for each hour is not statistical |y significantat conventional levels, which is not sur
prising given the measurement error induced by interpolation, the estimates suggest
apattern whereby ozone begins to impact productiviégggntbiremains fairly

steady from that point onward (resul ts available upon request).

Toaddress potential concerns about the cumulative effect of ozone exposure, we
also present resul ts that include one- and two-day |ags of ozone. Since ozone levels
may only reflectexposure on days when workersactual ly work, we limit our focus
to days when workers have worked the previousday by excluding from our anal ysis
the firstone or two days of the workweek depending on how many lags we include
in our specificationShown in column 5 of Table4 are resul ts without any lags but
excluding Monday, which areslightly higher than thebaseline resul ts. Including one
lag of ozone, shown in column 6, we findthat the coefficienton contemporaneous
ozone remains the same, and lagged ozone is negativebut statistical ly insignificant.
The resultsin column 7 show that excluding the firsttwo workdays continues to
increase the contemporaneous coefficienton ozone. Including two lags of ozone,
column 8 shows that the coefficienbon contemporaneous ozone remainsstatistical ly
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Figure 5. Regression Resultsof the Effect of Ozone on Productivity
Using More Flexible Controls for Ozone

notesThis figureplots the coefficientsfor the ozone indicator variables (< 30 ppb reference category), with the
95 percent confidenceinterval based on standard errors clustered on date and worker in gray. The dependent vari-
able is standardized hourly pieces col lected, which is the average hourly productivity minus the minimum num-
ber of pieces per hour required to reach the piece rate regime, divided by the standard deviation of productivity for
each crop. The regression includes controls for gender, farm tenure (quadratic), temperature (2.5 degree F indica-
tors), solar radiation, temperétimegree F indicatorspolar radiation, air pressure, wind speed, dew point

(2.5 degree F indicators), precipitation, particulate mat tgrda2dfiweek dummies, monklyear dummies,

and piece rate contract type dummies. Al | environmental variablesare the mean of hourly values from 6 am-3 pm.

significantand again unchanged, while one lag of ozone isstatistical |y insignificant
and the second lag issignificantbut positive, with colinearity of ozone across days
as one possible explanation for the seemingly perverse sign. Most notably, thesum
of the ozone coefficientsis quite close to the contemporaneous effect regardless
of the lags included. Together, these estimates suggest that the predominant effect
of ozone is from same-day exposure, with an overnight respite from ozone suffi-
cient for lung functioning to return to baseline levels. Moreover, this rapid recover
implies that the environmental productivity effects measured in this paper are pre-
dominant |y impacting a heal thy popufation.

Throughout our analysis, we have assumed ozone has a linear effect on productiv-
ity. In Figure 5, we present estimates that al low for a nonlinear effect by including
indicator variables for every 4 ppb of ozone, omitting < 30 ppb as the reference
category. Asshown, the figurel lustrates a relatively linear and steady increase in
the productivity impacts of ozone over the entire range of ozone. Perhaps more
importantly, the impacts appear to become statistical ly significantat 4246 ppb, a

BRecall from Section I that chamber studies suggest a rapid recovery from ozone exposure for heal thy indi-
viduals. Asfurther evidence consistent with these workersbeing generally heal thy, we findthat lagged ozone levels
are notsignificantly related to the decision to work.
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Table 5—Heterogeneity of Regression Results of the Effect of Ozone on Productivity
M @ 3 @) ®)

Ozone (10 ppb) -0.143** -0.149** -0.169** -0.135* -0.006
[0.068] [0.075] [0.069] [0.076] [0.041]
QOzone (10 ppb)x tenure -0.007
[0.015]
Ozone (10 ppb)x tenure 0.002
[0.001]
QOzone (10 ppb)x female 0.040**
[0.017]
QOzone (10 ppb)x unknown 0.029
[0.025]
Ozone (10 ppb)x crop1 -0.216***
[0.071]
Ozone (10 ppb)x crop2 0.149**
[0.060]
Tenure 0.038* 0.083 0.039*¢ 0.054** 0.000
[0.023] [0.077] [0.023] [0.022] [0.015]
Tenurg -0.002 -0.013* -0.002 -0.003* 0.002
[0.002] [0.007] [0.002] [0.002] [0.001]
Female -0.094*** -0.092%** —-0.284*** -0.093*** 0.257***
[0.035] [0.035] [0.083] [0.035] [0.039]
Unknown 0.069 0.068 -0.07 0.062 0.083*
[0.050] [0.050] [0.125] [0.049] [0.053]
Tenure Gender Crop
Model Baseline interaction interaction interaction y=pr(crop2)
Mean of dep. var. -0.323 -0.323 -0.323 -0.323 0443
Observations 35,461 35,461 35,461 35,461 20,034
R 0.344 0.346 0.345 0.356 0.201

notesStandard errors clustered on date and worker in brackets. The dependent variable in columns 14 is stan-
dardized hourly pieces col lected, which is the average hourly productivity minus the minimum number of pieces
per hour required to reach the piece rate regime, divided by the standard deviation of productivity for each crop.
The dependent variable in column 5 is whether the worker harvested crop 2, and the sample is restricted to days
when only crop 2 or 3 are harvested. In addition to covariatesshown, al | regressions are based on linear models
that include controls for temperature (2.5 degree F indicators), solar radiation, temperature (2.5 degree F indi-
catorsk¥solar radiation, air pressure, wind speed, dew point (2.5 degree F indicators), precipitation, particulate
matter 2.5 ug day of week dummies, monktyear dummies, and piece rate contract type dummies. All environ-
mental variables are the mean of hourly val uesyf+dpm “Unknown” indicates that gender wasnot reported
in our data.

***Significant at the 1 percent level.

**Significant at the 5percent level.
*Significant at the 10 percent level.

concentration well below current air quality standards of 75 ppb or even proposed
reforms of 60 ppb.

C. Heterogeneity of Productivity Results
Toassesswhether individualsaredifferential ly affectedby ozone, weexplorepoten-

tial heterogeneity by interacting ozone with the limited worker characteristics in ot
datasettenure with the farmand geaddyith the crop, shownin TaB1&ghile

“Wealso estimated quantile regression models for each decile of worker productivity, and found that ozone hasa
similar effect on worker productivity throughout theentire productivityedist tiavaokalble upon request)
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workers with more experience may be more resilient to ozone by being better able
to pace themselves throughout the day, column 2 findso such evidence. Interacting
ozone with a quadratic in tenure is statistical |y insignificantand the level effect o
ozone is largely unchanged. Shown in column 3, we findthat ozone has a smaller
impact on productivity for wofmélihile the magnitude of the difference between
theeffect for men and women isquitesmall, thisresult iscontrary to laboratory stuc
ies that general |y fincho differential impact on lung functioninddlaggehder (
Folinsbee, and Bromberg 2008)olumn 4 interacts ozone with crop dummy vari-

ables and reveals considerable heterogeneity in the productivity effects of ozone. The
effect for crop 1issignificantlylarger than thhep@&ference categomile the

effect for crop 2 issignificant lysmal ler. Since crops 2 and 3 are both paid time plus
pieces, these differences are not driven by the different contract types.

To understand this source of heterogeneity, we firstexplore whether worker
assignment to crop may explain these patterns. To assess this, we run a regression
to predict working on crop 2, limiting our sample to days when only crop 2 or
3 is harvested (since crop 1 is harvested in a different time period). Asshown in
columrb, gender is related to crop assignment: females are more likely to select
into crog. Given that females are less affected by ozone, thissuggests that gender
selection into crops may explain some of this heterogeneity. Based on estimates
from columns 3-5, however,gender selection can only explain 7 percent of thecrop
heterogeneity, suggesting that other factors must explain the differential effectst
crop?® Importantly, ozone is not related to crop assignment, confirmingthat our
estimates represent a validestimate of the average treatment effect across the crop:

One explanation for this heterogeneity may be the differing physical demands
placed on workersacross crops. While crops 2@ra@es) are trel lised such that
harvestable fruit is waist to shoulder height, crop 1 (blueberries) growscloser to the
ground, which requires considerable bending for workers and thus requires more
energy to harvest. Within grapes, the crop 2 varietal is a delicate one that requires
aslower and more careful harvest to avoid fruit damage, thus placing less physical
demands on workers. Therefore, our findingsthat crop 1, which places the greatest
physical demands on workers, is most affected by ozone and crop 2, which places
the least physical demands, is least affected is consistent with laboratory studies
(discussed in Section Il) that findung functioning impairment due to ozone isexac-
erbated by exercise.

VI. Conclusion

In this paper, we merge a unique dataset on individual-level daily harvest rates
for agricul tural workerswith data on environmental conditions to assess the impac
of ozone pol lution on worker productivity. Wefindthat a 10 ppb change in average
ozone exposure resul ts in asignificantand robust 5.5 percent change in agricul tural
worker productivity. Importantly, this environmental productivity effect suggests

% Despite thesmal ler impact of ozone for females, the coefficienton gender reveals that female productivity is
considerably lower than male productivity on average. Asdiscussed in Table1, gender is not reported for roughly
19 percent of thesample.

%We obtain this estimate of 7 percent by multiplying the differential effect of ozone by gender (0.04) by the
selection into crop 2 (0.257), and dividing it by the amount of heterogeneity (0.149).
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that common characterizations of environmental protection as purely a tax on pro
ducers and consumers to be weighed against the consumption benefitsassociated
with improved environmental quality may be misguided. Environmental protec-
tion can also be viewed as an investment in human capital, and its contribution to
firmproductivity and economic growth should be incorporated in the calculus of
policymakers.

Our resul ts also speak to the ongoing debates on ozone policy. Ozone pol lution
continues to be a pervasive environmental issue throughout much of the world.
Debates over the optimal level of ozone have ensued for many years, and current
efforts to strengthen these standards remain contentious. Definingregulatory stan
dards depends, in part, on the benefitsassociated with avoided exposure, which has
traditional |y been estimated through a focus on high-visibility heal th effectssuch a
hospitalizations. The labor productivity impacts measured in this paper help make
these benefitscalculations more complete. Our resul ts indicate that ozone, even at
levelsbelow current air-quality standards in most of the wor Id, hassignificanthega-
tiveimpacts on worker productivity,suggesting that thestrengthening of regulation
on ozone pol lution would yield additional benefits.

These impacts of ozone on agricul tural workers are also important in their own
right. A back-of-theenvelope calculation that applies the environmental productiv
ity effect estimated in the Central Val leyof California to the whole of the Unite
Statessuggests that the 10 ppb reduction in the ozone standard current |y being con-
sidered by EPA would translate into an annual cost savings of approximately $700
million in labor expendit(ie. the developing world, where national incomes
depend more heavily on agricul ture, these productivity effects are likely to have &
much larger impact on the economy and the wel I-being of households. Nearly 1.1
bil lion individuals—35 percent of the active labor force—work in the agricultural
sector wor ldwide (International Labour Organization 2011). The impacts of ozone
may be especial ly large in countries like India, China, and Mexico, where rapid
industrial growth and automobile penetration contribute precursor chemicals the
contribute tosubstantial |y higher levels of ozone pol lution.

While the impacts of ozone on agricul tural productivity are large, the generaliz
ability of these findingsto other pollutants and industries is unclear. Agricultura
workers face considerably higher levels of exposure to pollution than individuals
who work indoors. That said, roughly 11.8 percent of the US labor force worksin
an industry with regular exposure to outdoor conditions, and this figureis much
higher for middle- and lower-income countries (Graff Zivin and Neidel | forthcom-
ing). Moreover,many formsof outdoor pol lution diminish indoor air quality aswel |.
For example, indoor penetration of fingarticulate matter ranges from 3894 per
cent for typical residential homesin the UnitedBtages|. 2000). Examining
the generalizability of theenvironmental productivity effect estimated in this pape
to other pol lutants and industries representsa fruitful area for future research.

ZTotal labor expenditure in US agricul ture was approximately $26.5bil lion in 2007 (United States Department
of Agricul ture 2009). Ozoneseason in California runs from April through October. Using the conservative assump-
tion that theseasonal distribution of agricultural labor expenditureis flat(it is likely lower in winter) yieldsa tof
annual expenditureof $13.25bil lion that isexposed to ozone productivity risk. Thecalculation assumes that the new
standardshifts theentire distribution of ozone down by 10ppb and not just values that exceed air quality standards.
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This paper estimates the impacts of the Clean Air Act’s division of
counties into pollutantspecific nonattainment and attainment cate-
gories on measures of industrial activity obtained from 1.75 million
plant observations from the Census of Manufactures. Emitters of the
controlled pollutants in nonattainment counties were subject to
greater regulatory oversight than emitters in attainmentcounties. The
preferred statistical model for plant-level growth includes plant fixed
effects, industry by period fixed effects, and county by period fixed
effects. The estimates from this model suggest that in the first 15 years
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in which the Clean Air Act was in force (1972-87), nonattainment
counties (relative to attainment ones)lostapproximately590,000jobs,
$37 billion in capital stock, and $75 billion (1987 dollars) of output
in pollution-intensive industries. These findings are robust across
many specifications, and the effecis are apparent in many poiiuting
industries.

I. Introduction

Efforts to regulate pollution are among the federal government’s most
controversial interventions into the marketplace. On the one hand, the
Pollution Abatement Costs and Expenditures Survey reports that man-
ufacturing plants spend almost $30 billion a year to comply with envi-
ronmentalregulations(U.S.BureauoftheCensus1993). Manufacturers
contend that these expenditures place them at a competitive disadvan-
tage in the global economy and that this leads to the loss of tens of
thousands of U.S. jobs. On the other hand, previous empirical research
fails to consistently document a negative association between environ-
mental regulations and industrial activity (Bartik 1985; McConnell and
Schwab 1990; Gray and Shadbegian 1995; Jaffe et al. 1995; Henderson
1996; Levinson 1996; Becker and Henderson 2000, 2001). In fact, some
research suggests that environmental regulations do not harm regulated
firms or their workers and may even benefit them (Porter and van der
Linde 1995; Berman and Bui 1998, 2001). To set rational policy, it is
crucial to understand whether these regulations restrict economic prog-
ress.! This paper presents new evidence about the relationship between
environmental regulations and industrial activity by focusing on the
Clean Air Act’s impact on polluting manufacturers.

The Clean Air Act, originally passed in 1963 and amended in 1970,
1977, and 1990, is one of the most significant federal interventions into
the market in the postwar period. Following the passage of the 1970
amendments, the Environmental Protection Agency (EPA) established
separate national ambient air quality standards—a minimum level of
air quality that all counties are required to meet—for four criteria pol-
lutants: carbon monoxide (CO), tropospheric ozone (O,), sulfur di-
oxide (SO,), and total suspended particulates (TSPs). As a part of this
legislation, every U.S. county receives separate nonattainment or attain-
ment designations for each of the four pollutants annually. The non-
attainment designation is reserved for counties whose air contains con-
centrations of a pollutant that exceed the relevant federal standard.
Emitters of the regulated pollutant in nonattainment counties are sub-

"See Chay and Greenstone (2000, 2002a) for estimates of the benefits associated with
the Clean Air Act Amendments.
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ject to stricter regulatory oversight than emitters in attainment counties.
Nonpolluters are free from regulation in both categories of counties.

This paper brings together a variety of comprehensive data files to
empirically determine the effects of these federally mandated county-
level regulations on the activity of polluting manufacturers in the
1967-87 period. | compiled annual data on the four pollutantspecific,
nonattainment/attainmentdesignationsforeachofthe3,070U.S.coun-
ties from the Coce of Federal Regulations and EPA pollution monitors. The
structure of these longitudinal regulation data allows for the identifi-
cation of crosssectional variation in these regulations, as well as changes
in counties’ pollutantspecific regulatory status over time. Despite the
centrality of these county-level regulations to environmental policy, this
is the first time that either a researcher or the EPA has produced a data
file with these designations for all four of these criteria pollutants.? The
regulation file is merged with the 1.75 million plant-level observations
from the five Censuses of Manufactures in the 1967-87 period. These
censuses contain detailed questions about plants’ characteristics (in-
cluding county of location), input usage, and output. The combined
data file is used to relate the growth of employment, investment, and
shipments of manufacturers to the federally mandated regulations
across the entire country.

The paper’s approach overcomes some of the objections to earlier
studies of the impact of environmental regulations. First, the preferred
specificationincludesplantfixedeffects,industrybyperiodfixedeffects,
and county by period fixed effects in plant-level models for the growth
ofemployment,investment,andshipments.Consequently,theestimated
regulation effects are purged of all permanent plant characteristics that
determinegrowth,alltransitorydifferencesinthemeangrowthofplants
across industries, and all transitory determinants of growth that are
common to polluters and nonpolluters within a county. These controls
are important because this was a period of dramatic changes in the
manufacturing sector, including a substantial increase in competition
from foreign firms in some industries, a secular movement of plants
from the Rust Belt to the South, and two oil price shocks that had
differential effects on particular industries and regions.

Second, this paper uses the principal instruments of the Clean Air
Act Amendments (CAAAs), the pollutantspecific, county-level attain-
ment/nonattainment designations, as its measures of regulation. These
four designations are the “law of the land” and capture the regional

2 McConnell and Schwab (1990), Henderson (1996), and Becker andHenderson (2000,
2001) use nonattainment status for O, but did not coliect information on nonattainment
status for the other poliutants.
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and industry variation that Congress imposed with this legislation.? In
fact,thesedesignationsgovernthewritingandenforcementoftheplant-
specific regulations that restrict the behavior of polluters. Moreover, the

cimuiltananiic evaluiatinn of all four reniilatinne ic imnortant hecaiica
SIMWLENeoUs gvaiuation OF an 10Ul reguiations IS imporiant, 0eCaust

many plants emit multiple pollutants and many counties are designated
as nonattainment for multiple poliutants. These regulations should ad-
dressJaffe et al.’s (1995) criticism that previous studies rely on measures
of regulation that are too aggregated (e.g., state-level measures) to de-
tect differences in stringency.

Third, the detailed Census of Manufactures questionnaire allows for
an examination of regulation’s impact across a number of outcomes
and categories of plants. The previous literature generally focuses on
theeffectsofregulationonasingleoutcomevariable(e.g.,employment)
or on a particular category of plants (e.g., new plants and their location
decisions). This narrow focus may provide an incomplete picture of the
consequences of environmental regulations. In contrast, this paper ex-
amines the impacts of regulation on the growth of employment, capital
stock, and shipments. Moreover, its estimates are derived from asample
that includes existing plants as well as newly opened ones.

The results indicate that the CAAAs substantially retarded the growth
of polluting manufacturers in nonattainment counties. The estimates
suggest that in the first 15 years after the amendments became law (i.e.,
1972-87), nonattainment counties (relative to attainment ones) lost
approximately 590,000 jobs, $37 billion in capital stock, and $75 billion
(1987 dollars) of output in pollution-intensive industries. Importantly,
these findings are robust across many specifications, and the effects are
evident across a wide range of polluting industries. Although the decline
in manufacturing activity was substantial in nonattainment counties, it
was modest compared to the size of the entire manufacturing sector.

The paper is organized as follows. Section |l describes the statutory
requirements of the CAAAs and the variation in regulation that they
imposed. Section |1l describes the data and presents some summary
statistics on the regulations’ scope. Section IV presents the identification
strategy, and Section V discusses the estimation results. Section VI de-
velops two measures of the magnitude of the regulations’ impacts and
interprets the results. Section VIl concludes the paper.

[I. The CAAAs and the Variation in Regulation

The ideal analysis of the relationship between industrial activity and
environmental regulations involves a controlled experiment in which

® A few states and localities (e.g., California) have imposed clean air regulations that
are stricter than the federal ones. Any regulations over and above the federally mandated
ones are unobserved variables in the subsequent analysis.
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environmental regulations are randomly assigned to plants. Then the
changes in activity among the regulated and unregulated can be com-
pared with confidence that any differences are causally related to

rontilatinn
reéguiauln.

In the absence of such an experiment, an appealing alternative is to
find asituation in which similar plants face different levels of regulation.
The structure of the 1970 and 1977 CAAAs may provide such an op-
portunity. In particular, the amendments introduce substantial cross-
sectional and longitudinal variation in regulatory intensity at the county
level. This section describes the CAAAs and why they may offer the
opportunity to credibly identify the relationship between environmental
regulation and industrial activity.

A. The CAAAs and Their Enforaament

Before 1970 the federal government did not play a significant role in
the regulation of air pollution; that responsibility was left primarily to
state governments. In the absence of federal legislation, few states found
it in their interest to impose strict regulations on polluters within their
jurisdictions. Disappointed with the persistently high concentrations of
CO, 0,,*S0,, and TSPs® and concerned about their detrimental health
impacts,® Congress passed the 1970 Clean Air Act Amendments.”

The centerpiece of this legislation is the establishment of separate
federalairqualitystandardsforeachofthepollutants,whichallcounties
are required to meet. Appendix table A1 lists these air quality standards.
The stated goal of the amendments is to bring all counties into com-
pliance with the standards by reducing local air pollution concentra-
tions. The legislation requires the EPA to assign annually each county
to either nonattainment or attainment status for each of the four pol-
lutants, on the basis of whether the relevant standard is exceeded.

The CAAAs direct the 50 states to develop and enforce local pollution
abatement programs that ensure that each of their counties attains the
standards. In their nonattainment counties, states are required to de-

4 There are separate standards for O, and nitrogen dioxide (NO,), and, in principle, a
county could meet one of these standards but not the other. However, O, is the result of
a complicated chemical process that involves NO,, and the vast majority of counties that
were nonattainment for NO, were also nonattainment for O,. As a result, | designated a
county nonattainment for O, if the EPA labeled it nonattainment for either O, or NO,.
All future references to O, refer to this combined measure.

®In 1987 the EPA changed its focus from the regulation of all particulates (i.e., TSPs)
to the smaller particulate matter (PM10s), which have an aerodynamic diameter equal to
or less than 10 micrometers. In 1997 the PM 10 reguliation was replaced with a PM2.5 one.

¢ See Dockery et al.(1993),RansomandPope(1995),andChayand Greenstone (2002  a,
2002b) on the relationship between air pollution and human health.

"See Lave and Omenn (1981) and Liroff (1986) for more detailed histories of the
CAAAs.
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velop plantspecific regulations for every major source of pollution.
These local rules demand that substantial investments, by either new or
existing plants, be accompanied by installation of state-of-the-art pol-

liitinn ahatament aairinment and hy nermite that cot emicsinneg cailinne
IUUCN adatement CQuiIpment anG DY Permits tnat 861 SMISSIONS CChings.

The 1977 amendments added the requirement that any increase in
emissions from new investment be offset by a reduction in emissions
from another source within the same county? States are also mandated
to set emission limits on existing plants in nonattainment counties.

In attainment counties, the restrictions on polluters are lessstringent.
Largescale investments require less expensive (and less effective) pol-
lution abatement equipment; moreover, offsets are not necessary.
Smaller investments and existing plants are essentially unregulated. Ad-
ditionally, nonpolluters are free from regulation in both sets of counties.

Both the states and the federal EPA are given substantial enforcement
powers to ensure that the CAAAs’ intent is met. For instance, the federal
EPA must approve all state regulation programs in order to limit the
variance in regulatory intensity across states. On the compliance side,
states run their own inspection programs and frequently fine noncom-
pliers. The 1977 legislation made the plantspecific regulations both
federal and state law, which gives the EPA legal standing to impose
penalties on states that do not aggressively enforce the regulations and
on plants that do not adhere to them. Nadeau (1997) and Cohen (1998)
document the effectiveness of these regulatory actions at the plant level.
Perhaps the most direct evidence that the regulations are enforced suc-
cessfully is that air pollution concentrations declined more in nonat-
tainment counties than in attainment ones during the 1970s and 1980s
(Henderson 1996; Chay and Greenstone 2000, 2002a; Greenstone
2002).

B.  Which Industries Are Targeted by the CAAAS?

The manufacturing sector is a primary contributor of the four regulated
pollutants. Within this sector, the pollutantspecific regulations apply
only to emitters of the relevant pollutants. An official list of the emitting
industries is unavailable from the EPA, so it was necessary to develop a
rule to divide manufacturers into emitters and nonemitters for each of
the four pollutants. It is important that this assignment rule be accurate,
because the subsequent analysis compares the growth of emitters and
nonemitters, and misclassification will bias the estimated regulation
effects.

® The reduction in poliution due to the offset must be larger than the expectedincrease
in pollution associated with the new investment. The offsets could be purchased from a
different facility or generated by tighter controls on existing operations at the same site
(Vesilind, Peirce, and Weiner 1988).
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After exploring a number of alternatives, | use the EPA’s estimates
ofindustryspecificemissions(seeApp.tableA2)todeterminepoliutant-
specific emitter status. Industries that account for 7 percent or more of

inductrial cantnr amiccinne of that nalliitant are decinnated an eamitior:
INGUSNiar SCCICT SMISSIONS OF tnal POnuant are GEaIgnael an emiuel,

allotherindustriesareconsiderednonemitters. ° Thisruleaimstomimic
theEPA’sfocusonthedirtiestindustriesintheyearsinwhichtheCAAAs
were first in force. Its application causes 12 separate industries to be
designated as emitters of at least one of the pollutants. The subsequent
analysis demonstrates that the estimated effects of the regulations are
largely insensitive to other reasonable definitions of emitter status.

Under any rule, each industry could emit any of the 16 (i.e., 2%)
possible combinations of the four pollutants. The 7 percent assignment
rule divides the manufacturing sector such that eight of the possible
combinations are represented. The seven polluting combinations (with
the relevant industry names and standard industrial classification [SIC]
codes in parentheses) are emitters of O, (printing 2711-89; organic
chemicals 2861-69; rubber and miscellaneous plastic products 30; fab-
ricated metals 34; and motor vehicles, bodies, and parts 371), SO, (in-
organicchemicals2812—19), TSPs(lumberandwoodproducts24),CO/
SO, (nonferrous metals 333-34), CO/0O,/SO, (petroleum refining
2911), O,/S0,/TSPs (stone, clay, glass, and concrete 32), and CO/0O,;/
SO,/ TSPs (pulp and paper 2611-31 and iron and steel 3312-13 and
3321-25). The EPA’s estimates of emissions indicate that the remaining
industries are not major emitters of any of the four poliutants, and |
assign these industries to the clean category.”

C. Summarizing the Variation in Regulation Due to the CAAAs

The structure of the CAAAs provides three sources of variation in which
plants were affected by the nonattainment designations. This subsection
summarizes this variation and highlights its importance from an eval-

° See the Data Appendix for further details on the determination of poliutantspecific
emitting status.

® [t is informative to compare this division of the manufacturing sector into polluters
and nonpulluters with those in the previous literature. In each of their papers,Henderson
(1996) and Becker and Henderson (2000, 2001) designate different sets of industries as
subject to O, nonattainment status. The current paper’s set of ozone emitters spans the
intersection of their three sets, with the exception that the 7 percent rule excludes wood
furniture (SIC 2511) and plastic materials and synthetics (SIC 282). Berman and Bui’s
(1998, 2001) list of reguiated industries is not readily comparable with this paper’s list
for at least two reasons. First, their list is not pollutantspecific. Second, their papers
examine local reguiations in the South Coast Air Basin that are over and above federal
and state regulations, so their set of regulated industries is likely to be broader than those
scrutinized by the federal EPA. Nevertheless, there is substantial overlap between their list
of industries targeted in the South Coast and the industries that are classified as emitters
of at least one pollutant by this paper’s assignment rule.
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uation perspective. It also briefly discusses some of the sources of this
variation and why they may reinforce the credibility of the subsequent
analysis.
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lutantspecific nonattainment designations are reserved for counties
whosepollutionconcentrationsexceedthefederalstandards. Thiscross-
sectional variation allows for the separate identification of industryspe-
cific shocks and the regulation effects. This may be especially important
in the 1967-87 period, because there were dramatic shocks (e.g., oil
crises, recessions, and increases in foreign competition) that affected
industries differentially.

The second dimension of variation is that a county’s attainment/
nonattainment designations vary over time as its air quality changes.
Consequently, individual plants might be subject to regulations in one
period but not in a different one. This longitudinal variation allows for
the inclusion of plant fixed effects in equations for plant-level growth.
Consequently, the paper presents estimated regulation effects that are
derived from within-plant comparisons under the attainment and non-
attainment regulation regimes.

The third dimension of variation is that within nonattainment coun-
ties, only plants that emit the relevant pollutant are subject to the reg-
ulations. This intracounty variation allows for estimation of models that
include unrestricted county by period effectsso that time-varying factors
commontoallplants within acountyarenotconfoundedwiththeeffects
of regulation. For example, the 1980-82 recession caused polluting and
nonpolluting manufacturers in Allegheny County, Pennsylvania (i.e.,
Pittsburgh), to reduce their operations. Since Aliegheny County was
designatednonattainmentforallfourpollutantsatthistime, thisdecline
would be falsely attributed to the regulations if the intracounty variation
in emitting status were unavailable.

Some of the sources of variation in nonattainment status reinforce
the credibility of an evaluation based on the CAAAs. Specifically, the
county-level nonattainment designations are federally mandated and
therefore may be unrelated to differences in tastes, characteristics, or
underlying economic conditions across counties. Moreover, the non-
attainment designations depend on whether local pollution levels ex-
ceed the federal standards. And while pollution levels are not randomly
assigned, scientific evidence suggests that during the years under study,
many counties were designated nonattainment because of pollution that
was related to weather patterns—a factor that is unlikely to be related
to local manufacturing sector activity."

" Cleveland et al. (1976) and Cleveland and Graedel (1979) document that wind pat-
terns often cause air pollution to travel hundreds of miles and that the concentration of
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I11. Data Sources and Summary Statistics

This section comprises four subsections. The subsequent analysis is
based on the most comprehensive data available on manufacturing ac-
tivity and clean air regulations, and subsection A describes the sources
and structure of these data. Subsection B documents the scope of the
regulatory program both geographically and within the manufacturing
sector. Subsection C examines whether nonattainment status is orthog-
onal to observable determinants of plant growth. Subsection D explores
whether nonattainment status covaries with county shocks that affect
emitters and nonemitters.

A. Data Sources and Structure

The manufacturing data come from the micro data underlying the five
quinquennial Censuses of Manufactures from 1967 to 1987. In each
census a plant observation contains information on employment, capital
stock, total value of shipments, age, whether it is part of a multiunit
firm, and whether the observation is due to asurvey response or derived
from an administrative record. The four-digit SIC code and county of
location allow the data on which poliutants are emitted and nonattain-
ment designations to be merged. Importantly, the censuses contain a
unique plant identifier, making it possible to follow individual plants
over time."

I linked consecutive Censuses of Manufactures to create four periods:
1967-72, 1972-77, 1977-82, and 1982-87. A plant observation in an
individual period includes information from the censuses at the begin-
ning and end of the period.” Plants that appear in the first census of
a period but not in the last are considered “deaths”; analogously, plants
that appear in the last but not in the first are designated “births.” Plants
that appear in both censuses of a period are labeled “stayers.”'* There
are 1,737,753 plant observations in these four periods.

O, in the air entering the New York region in the 1970s often exceeded the federal
standards. Figure 2 below graphically depicts the counties that were designated nonat-
tainment for O, and reveals that virtually the entire Northeast, even counties without
substantial local production of O,, is Q nonattainment for at least one period.ltisevident
that this region’s nonattainment designations partially reflect its location downwind from
heavy O, emitters in the Ohio Valley.

2See the appendix in Davis, Haltiwanger, and Schuh (1996) for a more thorough
description of these data.

* Approximately 0.5 percent of plants change SIC codes in a period. Plants are equally
likely to switch into and out of emitting industries, so it does not appear that they alter
their SIC code to evade regulation.

" The permanent plant identifier and the criteria specified by Davis et al. (1996) are
used to determine whether a periodspecific plant observation qualifies as a birth, death,
or stayer. The distribution of plants across these categories is 29 percent births, 27 percent
deaths, and 44 percent stayers.
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Each of the 3,070 counties is assigned four poliutantspecific attain-
ment/nonattainment designationsin every period. A county’s poliutant-
specific designation in a given period is based on its attainment/non-

attainmeaent ciatiic in the firet yvaar of that nerind fen 1082 datarminec
auainiment Siatus 1N e 7S year OF tnat perita (8.4., 1952 GClerminegs

the regulatory status for the 1982-87 period). All counties are attain-
ment for the four pollutants in the 1967-72 period because the CAAAs
were not in force until the end of this period. The attainment/nonat-
tainment designations for the 1977-82 and 1982-87 periods are ob-
tained from the list of nonattainment counties published in the Code of
Feckral Regulations (CFR) in the first year of those periods.” The CFR
does not list the identity of the nonattainment counties in the early
1970s, and the EPA does not maintain a historical record of them.
Consequently, | filed a Freedom of Information Act request and ob-
tained data from the EPA’s national pollution monitoring network for
these years. For the 1972-77 period, | consider a county nonattainment
for a pollutant if it had a pollution monitor reading that exceeded the
relevant federal standard in 1972. The Data Appendix provides more
details on the determination of nonattainment/attainment status.
There are at least two reasons that this definition of the regulation
variablesispreferabletoalternativesbasedonnonattainmentstatusiater
in a period. First, it is unlikely that plants can quickly change their
production processes in response to regulation. Second, Berman and
Bui (1998, 2001) document that the plant-level regulations associated
with nonattainment status often set compliance dates a number of years
in advance.™

B.  The Incidence and Geographic Soope of the Nonattainment Designations

Table 1 reports summary information on the incidence of the pollutant-
specificnonattainmentdesignations.Column 1liststhenumberofcoun-
ties designated nonattainment for each pollutant, period by period. It
is apparent that the regulatory programs for O, and TSPs are the most
pervasive.

Column 2 details the number of counties that switch from attainment
to nonattainment between periods, and column 3 enumerates the

** The publication of nonattainment counties in the CFR begins in 1978, so this year
determines the designations for the 1977-82 period.

® The determination of nonattainment status from asingle year might cause measure-
ment error in the regulation variables, leading to attenuation bias in the estimated effects
of regulation. In order to explore this possibility, lexperimentedwithdesignatingacounty
nonattainment if it received this designation in the first or second year of a period or the
year before a period begins. (In the case of the 1982-87 period, this is 1981, 1982, or
1983.) | also used as a measure of regulation the total number of years during the period
in which the county is designated nonattainment. The paper’s findings are unchanged
when nonattainment status is assigned in these alternative ways.
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TABLE 1
INCIDENCE and Changes in Nonattainment Status

Nonattainment Attainment Period fff Nonattainment Period fff 1
A i A4

Dariad # and Nianattainmant Daviad # and Attainman 4+ Daria
Tefioa anag Nonawainment rerioa | and Atiainimeni rerio

(1) 2) (3)
A. Carbon Monoxide (CO)

1967-72 0 0 0
1972-77 81 81 0
1977-82 144 90 27
1982-87 137 15 22
B. Ozone (O,;)
1967-72 0 0 0
197277 32 32 0
1977-82 626 595 1
1982-87 560 104 170
C. Sulfur Dioxide (SO,)
1967-72 0 0 0
197277 34 34 0
1977-82 87 75 22
1982-87 60 7 34
D. Total Suspended Particulates (TSPs)
1967-72 0 0 0
197277 296 296 0
1977-82 235 108 169
1982-87 176 24 83

NOTE.—There are 3,070 counties in the Census of Manufactures data files. See the Data Appendix for a description
of how the pollutantspecific nonattainment designations are assigned.

changes from nonattainment to attainment. It is evident that there is
substantial movement into and out of nonattainment status between
periods. For example, of the 945 counties that are designated nonat-
tainment for at least one of the pollutants, only 21 retain the same
designations for all four pollutants throughout the three periods in
which the CAAAs are in force. These changes in regulatory status reflect
a number of factors, including the EPA’s increasing awareness of which
counties exceeded the federal standards (e.g., the large increase in the
number of nonattainment counties between 1972-77 and 1977-82, par-
ticularlyinthecaseofozone),airqualityimprovementinnonattainment
counties, and deterioration in attainment ones. This intercounty vari-
ation in nonattainment status is important for identification purposes
because it allows for the inclusion of county or plant fixed effects in
the econometric models.

Figures 1—4 graphically summarize the incidence of the four nonat-
tainment designations. The shading indicates the number of periods a
county is designated nonattainment for the relevant poliutant: white for
zero, light gray for one, gray for two, and black for three. By moving
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FiG. 1.—Incidence of nonattainment for carbon monoxide by county (1972-77, 1977-82, and 1982-87). Source: EPA Air Quality SubsystemDatabase,
Cock of Feckral Regulations (various issues).
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FiG. 2.—Incidence of nonattainment for ozone by county (1972-77, 1977-82, and 1982-87). Source: EPA Air Quality Subsystem Database, Code of
Feckral Regulations (various issues).
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FiG. 3.—Incidence of nonattainment for sulfur dioxide by county (1972-77, 1977-82, and 1982-87). Source: EPA Air Quality Subsystem Database,
Cock of Feckral Regulations (various issues).
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F1G. 4. —Incidence of nonattainment for total suspended particulates by county (1972-77, 1977-82, and 1982-87). Source: EPA Air Quality Subsystem
Database, Coce of Feckral Regulations (various issues).
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TABLE 2
MANUFACTURING Employment, by Pollutant Emitted and Pollutant-Specific
Attainment Status

1967-72 1972-77 1977-82 1882-87
(1) (2) (3) (4)
CO-emitting plants 1,111,534 1,040,563 951,515 744,061
CO attainment 1,111,534 839,456 648,526 517,767
CO nonattainment 201,108 302,989 226,294
O emitting plants 5,453,418 5,581,151 5,542,548 5,412,151
O, attainment 5,453,418 5,108,078 1,294,500 1,492,627
O, nonattainment 473,073 4,248,048 3,919,524
SO, -emitting plants 1,783,243 1,717,904 1,598,742 1,358,083
SO, attainment 1,783,243 1,468,781 1,233,592 1,170,479
SO, nonattainment 249,123 365,150 187,604
TSPs-emitting plants 2,101,561 2,071,924 1,899,173 1,697,843
TSPs attainment 2,101,561 1,303,442 1,114,749 1,160,430
TSPs nonattainment 768,482 784,424 537,413

Total manufacturing sector 17,4:’55,187 17,350,726 17,521,355 17,100,413

NOTE.—See the note to table 1. Employment is the mean of total employment in the first and last years of each five-
year period covered by the 1967-87 Censuses of Manufacturers.

back and forth between the maps, one can see that many counties were
regulated for more than one pollutant (e.g., parts of southern Califor-
nia, Arizona, and the Rust Belt). The national scope of the regulatory
programs is also evident: all 48 continental states have at least one
nonattainment county."”

Table 2 presents the levels of employment for emitters of each of the
poliutants and the entire manufacturing sector in the four periods.*
The level is calculated as the mean of the levels in the first and last
years of a period. The table also separately lists employment in nonat-
tainment and attainment counties within the four categories of emitters
by period.

The portion of the manufacturing sector that is an emitter varies
across the pollutants. For instance, O, emitters account for the largest
share (roughly 31.7 percent) of total manufacturing employment. The
shares for the other polluting industries are 11.2 percent for TSPs, 9.3
percent for SO,, and 5.5 percent for CO. Although they are not shown
in table 2, the ranges for capital stock and shipments are 19.9 percent
(TSPs emitters) to 46.2 percent (O, emitters) and 10.7 percent (TSPs
emitters) to 37.9 percent (O, emitters), respectively. Regardless of the
measure, it is apparent that the emitting industries account for a sub-
stantial proportion of the manufacturing sector.

7 Aleska and Hawaii are excluded from the analysis.

'® Many plants emit multiple pollutants, so the poliutant-specific rows (e.g.,CO-emitting
plants) of table 2 are not mutually exclusive. Consequently, summing across the rows
within a single period overstates employment in plants that emit any poliutant in that
period.
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Table 2 also documents that within the four sets of emitting plants,
a meaningful share of employment is located in both attainment and
nonattainment counties. Consequently, it may be possible to obtain pre-

pica octimatoc nf the effante of the nolliitantenerific nonattainment dec
CiSE &SuiMates OF tn€ CHICCS OF TN POHUan=5peCiiiC nonatainment G&&

ignations. Finally, the level of employment in emitting industries located
innonattainmentcountiesisasummarymeasureofthesizeofthegroup
that was potentially affected by these designations.

C. Is Nonattainment Status Orthogonal to Observable Deferminants of
Plant Growth?

In the ideal case, nonattainment status would be orthogonal to all de-
terminants of plant growth. The regulation effects could then be cal-
culated by a simple comparison of mean growth rates in the two sets
of counties.

Whileitisimpossibletomakestatementsaboutunobservedcovariates,
it is instructive to compare observable ones in nonattainment and at-
tainment counties. If the observable covariates are balanced across the
two sets of counties, then the unobservables may be more likely to be
balanced (Altonji, Elder,and Taber 2000). Further, consistent inference
does not rely on functional form assumptions about the relationship
between the observables and plant growth when the observable deter-
minants are balanced. To the extent that the observables are unbal-
anced, these comparisons will identify likely sources of bias and inform
the choice of statistical model.

Table 3 displays the means of determinants of plant growth within
three categories of counties. These categories comprise counties that
are attainment for CO in the 1972-77 period (col. 1a), attainment for
CO in 1972-77 but CO nonattainment in a later period (col. 1b), and
CO nonattainment in 1972-77 (col. 2). Panel A of the table presents
means of county-level covariates, and panel B documents means of the
characteristics of CO-emitting plants. The comparison of 1972-77 CO
nonattainment and attainment counties is only one of the comparisons
thatunderliethesubsequentanalysis,butitcapturesmanyofthethemes
that are present in comparisons of nonattainment and attainment coun-
ties in different periods and for different pollutants.

Inspection of columns 1a and 2 provides a comparison of all CO
attainment counties with CO nonattainment counties in the 1972-77
period. It is evident that both the county-level and plant-level charac-
teristics differ with nonattainment status. In particular, nonattainment
countieshavehigherpopulationdensities, ratesofurbanization,average
education levels, per capita income, and per capita government reve-
nues. Moreover,asmaller fraction of their jobsare in the manufacturing
sector, and they have lower poverty rates. Importantly, the average num-
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TABLE 3
MEANS of County and Plant Characteristics by 1972-77 CO Nonattainment
Status
CO Attainment,
1972-77, and CO
CO Attainment, Nonattainment, CO Nonattain-
1972-77 1977-82 or 1982-87 ment, 1972-77
(1a) (1b) &)
A. County Characteristics in 1970

Number of counties 2,989 100 81
Population 47,157 395,376 620,654
Population density 1,826 6,354 4,868
% urban .65 .90 .94
% =212 years of education .50 .55 57
% =216 years of education 10 N A3
% employment in

manufacturing 262 .266 242
Unemployment rate .044 .045 .046
Poverty rate 119 .082 .081
Income per capita

(1982-84 dollars) 7,456 8,712 9,414
Per capita government

revenues 248 296 403

B. CO-Emitting Plant Characteristics in 1972

Number of CO-emitting

plants 1.0 6.8 14.2
Average employment 269 362 175
% operating at least 10

years 55.2 59.3 51.3
% part of multiunit firm 34.6 40.7 40.1

NOTE.—See the note to table 1. All entries are averages across counties in the relevant category. The data on county
characteristics are derived from the 1970 Census. The 1972 Census of Manufactures is used to determine the means
of CO-emitting plant characteristics. The entries in col. 1a are calculated from the 2,989 counties that are designated
CO attainment in the1972-77 period, and the sample in col. 2 comprises the 81 counties that are CO nonattainment
in the same period. Col. 1his the subset ofthe col. 1a counties thatareCOattainmentin1972-77andCO nonattainment
in at least one of the 1977-82 and 1982-87 periods.

ber of CO-emitting plants is substantially higher in nonattainment coun-
ties (14.2) than in attainment counties (1.0). Further, CO-emitting
plants in nonattainment counties are younger, more likely to be part
ofamultiestablishmentfirm,andsmaller (asmeasuredbyemployment).
Analternativetoformingthe“counterfactual”fromallCOattainment
counties is to restrict this group to counties that are CO attainment in
1972 but CO nonattainment in later periods. A statistical model that
includes county fixed effects effectively refines the counterfactual group
in this way. Columns 1b and 2 permit an exploration of the similarity
of these two sets of counties. It is evident that this subset of 1972-77
CO attainment counties is more similar to the nonattainment counties
than the unrestricted set of attainment counties was. For example, the
means of the population density, level of education, income per capita,

This content downloaded by the authorized user from 192.168.72.232 on Fri, 23 Nov 2012 12:42:21 PM
All use subject to JSTOR Terms and Conditions

ED_000584A_00001562



ENVIRONMENTAL regulations 1193

and poverty rate in column 1b are all closer to the means of these
variables in nonattainment counties. However, the average number of
CO-emitting plants and the mean characteristics of these plants differ

acrnce theco pcoliimne
aCrioss wicse COuiminG.

It is apparent that nonattainment status is not orthogonal to observ-
able county- or plant-level determinants of plant growth in either set of
attainment counties. Moreover, it is plausible that the same is true for
unobservable characteristics. It will be necessary to estimate statistical
models that attempt to control for these differences to obtain consistent
estimates of the regulation effects.

D. Do Countywide Shocks Covary with Nonattainment Status?

This subsection explores the validity of the assumption that nonattain-
ment status is orthogonal to countyspecific determinants of growth that
are common to polluters and nonpolluters. This identifying assumption
is pervasive in the previous literature (e.g., Bartik 1985; Barbera and
McConnell 1986; McConnell and Schwab 1990; Henderson 1996; Lev-
inson 1996; Berman and Bui 1998, 2001; Becker and Henderson 2000,
2001). For brevity | focus on the case in which the dependent variable
is the percentage growth in plant employment, but the findings are
similar for capital stock and shipments.®

Table 4 presents two estimates of the effect of the regulation of each
pollutant on employment growth. The first estimate is derived from a
sample that is limited to plants that emit the relevant poliutant and is
contained in column 1. The column 2 estimate is obtained from all
1,620,942 plant observations with nonmissing employment growth. In
both cases the reported parameter is taken from an indicator that is
equal to one if the county is nonattainment for the specified pollutant
and the plant is an emitter of that pollutant.

The regressions control for a number of plant-level variables that the
next section describes in greater detail. Additionally, the two specifi-
cations include county fixed effects and industry by period indicators.
For the column 1 specification’s estimated regulation effect to be un-
biased, it is necessary to assume that the regulation of that pollutant is
the only county-level determinant of employment growth that differs
between nonattainment and attainment counties. In contrast, the col-
umn 2 specification controls for unobserved, permanent county-level
determinants of growth common to emitters and nonemitters.

A comparison of the estimates in columns 1 and 2 provides an in-

" The percentage growth is calculated as the change in plant employment between ¢
and tff 5, divided by the mean of the t and {ff 5 levels. Section |V provides more details
about this measure of percentage change.
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TABLE 4
ESTIMATED Regression Models for the Percentage Change in Employment with One Regulation Effect per Regression
TOTAL Suspended
CARBON Monoxide Ozone Sulfur Dioxide Particulates

CO Emitters All Plants O, Emitters Al Plants SO, Emitters All Plants TSPs Emitters All Plants
(Np14,456) (Np1620,942) (Npb543,121) (Np1,620,942) (Np99,854) (Np1,620,942) (Np257,135) (Np1,620,942)

(1) (2) 1) (2) (1 (2) Q)] (2)
CO regulation effect f.041 f.074
(.040) (.031)
O, regulation effect 068 025
(011) (.009)
S0, regulation effect f .049 f .040
(.030) (.027)
TSPs regulation effect f.021 f.016
(.017) (.014)
R? 127 100 12 100 .095 100 21 100

NoOTE.—The entries are taken from regressions in which the dependent variable is the change in plant employment between t and tff 5, divided by the mean of the t and
tff 5 levels. The equations are weighted by the denominator of the dependent variable. All specifications include county fixed effects and industry by period indicators.
Heteroskedastic<onsistent standard errors are reported in parentheses.
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formal test of this assumption. The estimates will differ if nonemitters’
growth rate covaries with nonattainment status. The regulation effects
forSO , and TSPsaresimilarinthetwocolumns. However theregulation

offarte for CO and O in column 1 annear 0 he hisced ninward Mact
CHiCCE 107 LU anG U5 in Coiumn & applar 10 O Biaseh upwarG. vilst

dramatically, the column 1 O, estimate suggests that nonattainment
status at the beginning of a period is associated with a 6.8 percent
increase in employment in O emitting industries five years later. Since
pollution can be modeled as an input and regulation as a tax on pol-
lution, standard neoclassical models predict an ambiguous effect on
demandforotherinputs(e.g.,labor).Nevertheless,suchalarge, positive
effect is surprising. In column 2, the estimated regulation effect for O,
shrinks to 2.5 percent, demonstrating the importance of allowing for
county-specific factors common to emitters and nonemitters.

It is evident that in the case of CO and O, nonattainment status is
not orthogonal to county-level shocks to growth. The next section de-
scribes the preferred statistical models and explains how they try to
purge the likely sources of bias.

IV. Identification Strategy

In order to explore more rigorously the effects of the nonattainment
designations on the growth of manufacturers’ activity, the plant-level
data are fit to the following equation:

%DE,, p %

P by X5 ffi byind, ffi b, nonattain . ;
fib,1(emit CO p 1 & nonattain CO p 1),
flibs1(emit O, p 1 & nonattain O; p 1)ms
ffi bg1(emit SO, p 1 & nonattain SO, p 1)us

ffib,1(emit TSPs p 1 & nonattain TSPs p 1), ffi De

ptr

where De, p a,ffi g, ffi Du,,. Here p indexes a plant, ¢ references county,
i indexes industry, and t and tff 5 index the last and first years of a
period, respectively. The term %DE, is the dependent variable (i.e.,
employment, capital stock, and the value of shipments) and is measured
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as the percentage change between t and tff 5. The term De, is the
stochastic error term. Equation (1) is weighted by the denominator of
the dependent variable to account for differences in cell size.

The term X, 5 is a vector of variables, calculated at { ff 5 so that they
are “pretreatment.” There are indicators for four categories of plant
size based on shipments (i.e., smaller than the median, between the
median and the seventy-fifth percentile, between the seventy-fifth per-
centile and the mean, and greater than the mean); whether the plant
has operated for at least 10 years; ownership by a firm with multiple
establishments; and whether the observation is a response to the Census
Bureau questionnaire or is derived from federal administrative records.
Previous research shows that these variables are important determinants
of plant-level growth (Dunne, Roberts, and Samuelson 1989a, 1989b;
Davis and Haltiwanger 1992). The vector X ; also contains the average
industry-specific wage in the plant’s county as a measure of labor costs
andthenumberofemployeesatotherplantsinthesameindustrywithin
the same county to adjust for agglomeration effects (Krugman 1991).

The term ind, is a vector of industry indicator variables whose effects
are allowed to vary by period. In most of the subsequent analysis, there
are 13 industry indicators: one for each of the 12 industries that are
classified as an emitter of at least one of the four regulated pollutants
and one for the remaining “clean” industries. These variables nonpar-
ametrically absorb all timewvarying industry-level unobservables at the
level at which the regulations are applied. Further, the nonattain
vectorcontainsaseparatedummyvariableforeachofthefourpoliutant-
specific nonattainment designations. These dummies control for unob-
served factors that equally affect polluting and nonpolluting plants in
nonattainment counties. Their effect is also allowed to vary by period.

Theparameters b,~b, capturethevariationinthedependentvariables
specific to polluting plants (relative to nonpolluters) in nonattainment
counties (relative to attainment ones). These parameters provide esti-
mates of the mean effect of the pollutantspecific regulations on the
plants that are directly targeted by them. Henceforth, they are referred
to as the “regulation effects.” An attractive feature of this specification
is that, in contrast to the previous literature, each of the estimated

® This measure of percentage change is an alternative to the difference of the natural
logarithms of the year t and {ff 5 levels. It is a second-order approximation to the In
difference measure, ranges from ff 2.0 to ffi2.0, and portrays expansion and contraction
symmetrically (Davis et al. 1996). Importantly, it allows the sample to contain observations
on “births” and “deaths,” i.e., plants that do not operate in either the first or last year of
a period. A comparison of the results from a sample of “stayers” reveals that the estimated
regulation effects are nearly identical when the dependent variable is calcuiated as the In
difference.
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regulation effects is obtained while holding the others constant.?' This
is relevant because many plants were subject to more than one of the
nonattainment designations.?

Drinr rocoarch indicatac that thara ara im
erearci
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permanent and tran-
sitory regional determinants of manufacturing activity?® There are a
number of ways to model these factors with the available data. One
possibility is to include county fixed effects so that counties that were
never designated nonattainment for a particular pollutant do not help
identify the parameters of interest. In this case, the pollutantspecific
regulation effects are estimated from 189 (CO), 730 (O;), 134 (SO,),
and 436 (TSPs) counties.

As the specification of De, indicates, another possibility is to include
a full set of fixed effects for the more than 735,000 plants in the sample
and county by period indicators. The plant fixed effects greatly reduce
the degrees of freedom, but they control for differences in permanent
plant growth rates that might be correlated with nonattainment status.
Such a correlation might occur if nonattainment counties provide the
conditions necessary for emitting plants or industries to flourish (e.g.,
easy access to the interstate highway system, a workforce that suits their
technology, or proximity to a natural resource). In this specification,
the regulation effects are identified from within-plant comparisons of
growth rates under the nonattainment and attainment regimes. The
county by period indicators nonparametrically adjust for time-varying
shocks to growth common to emitters and nonemitters within the same
county.

In the subsequent tables, heteroskedastic-consistent standard errors
of the regression parameters are reported (White 1980). Since the data
are taken from censuses, the standard errors’ interpretation is not
straightforward. On the one hand, the sample includes all the members
of a finite population, so the standard errors need not be calculated.
On the other hand, the observed finite population can be considered

2| also experimented with including the 12 “cross-pollutant” interactions (e.g., 1(emit
O, p 1 & nonattain CO p 1) in the specification. Across the dependent variables and
specifications, the hypothesis that they are jointly equal to zero is generally not rejected
by a x 2 test at standard confidence levels. Moreover, in these plant-level regressions, their
inclusion does not substantially alter the estimates of the four regulation effects. Notably,
the cross-pollutant interactions are more important in grouped regressions and with
stricter definitions of emitter status, as in Greenstone (1998).

2 McConnellandSchwab (1990), Henderson (1996),andBeckerand Henderson (2000,
2001) use the equivalent of the O, nonattainment designation but restrict the effect of
the other poliutantspecific designations to equal zero. The remainder of the literature
uses regulatory measures that do not account for the poliutantspecific nature of the
CAAAs.

= Bartik (1985) and Holmes (1998) show that a number of local factors including
unionization density, tax rates, the provision of public services, and right-to-work laws
affect firms’ investment decisions. Moreover, Blanchard and Katz (1992) demonstratethat
shocks to regions’ growth rates can persist for as long as a decade.
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a member of an unobserved superpopulation; thus the standard errors
associated with regression parameters have their usual interpretation.
Insummary,theestimatedregulationeffectsarepurgedofmanylikely

entircee nf hine Enr axyamnla tha enapificatinn that incliides nlant fived
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effects, county by period indicators, and industry by period dummies is
robust to all unobserved permanent determinants of plant growth, all
unobserved transitory factors common to polluting and nonpoliuting
plants within a county, and all unobserved industryspecific shocks to
growth. However, the estimated regulation effects are not robust to
transitory determinants of growth specific to emitting industries (or
plants) located in counties that are nonattainment for the emitted pol-
lutant(s). In other words, county by industry and county by plant shocks
to growth are potential sources of bias.

V. The Amendments’ Impact on Manufacturing Sector Activity

This section is divided into three subsections. Subsection A presents the
estimated effects of the regulations on the growth rates of employment,
shipments,andcapital fromfittingthepreferredspecificationsdiscussed

in Section V. Subsection B tests for heterogeneity in the regulation
effects across industries. Subsection C probes the robustness of the
results.

A.  The Effects of the CAAAs on Manufacturing Activity

In a standard neoclassical model in which pollution, labor, and capital
are inputs in the production process, the predicted effect of regulation,
which increases the price of pollution, on labor and capital demand is
ambiguous. The theoretical prediction on output is unambiguously neg-
ative. This subsection tests these predictions.

Total Employment

Table5presentstheemploymentresulisfromtheestimationofequation
(1), using data from all plant observations over the four periods. The
columns correspond to specifications that include additional sets of
controls as one reads from left to right; the exact controls are noted at
the bottom of the table. The mean fiveyear growth rate of total em-
ployment is ff 1.4 percent.

Thespecificationincolumn 1includesindustrybyperiodfixedeffects
and allows the effect of nonattainment status to vary by period. Here,
the estimated regulation effects are derived from comparisons between
all attainment and nonattainment counties.

The results in column 1 suggest that nonattainment status modestly
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TABLES
ESTIMATED Regression Models for the Percentage Change in Employment

1 (2) 3) 4)

CO regulation effect (b,) ff.084 ff .075 ff.086 ff.163
(.032) (.031) (.030) (.045)
O, regulation effect (b;) .001 022 ff.011 ff .049
(.011) (.010) (.010) (.015)
SO, regulation effect (b,) f .004 ff.016 .003 .001
(.029) (.028) (.029) (.036)
TSPs regulation effect f.024 ff.010 ff.020 ff.024
(b;) (.014) (.013) (.013) (.024)
R 109 119 144 .504
Industry by period fixed
effects yes yes yes yes
Nonattainment by period
fixed effects yes yes no no
County fixed effects no yes no no
County by period fixed
effects no no yes yes
Plant fixed effects no no no yes

NOTE—See the note to table 4. In all specifications, the sample includes the 1,620,942 plant observations with
nonmissing and nonnegative employment levels. The mean five-year growth rate of employment in the sample isff 1.4
percent.

retards the growth of employment. The estimates indicate that a CO
nonattainment designation at the beginning of a period is associated
with an 8.4 percent reduction in employment levels in CO-emitting
plants five years later. This estimate would be judged statistically signif-
icant at conventional levels. The regulation effect for TSPs is ff 2.4 per-
cent and would be considered significant at the 10 percent level but
not by stricter criteria. In contrast, O, and SO, nonattainment statuses
are basically uncorrelated with the respective growth of emitters of those
pollutants. Interestingly, the estimated regulation effects for O, and SO,
differ from the estimates that did not account for the effects of the
other nonattainment designations as in table 4.

Columns 2 and 3 report the results from adding county fixed effects
and county by period effects to the specification, respectively. In both
cases, Ftests esasily reject the null that the additional parameters are
jointly equal to zero. As discussed above, the regulation effects from the
specification in column 2 are due to comparisons of counties that ex-
perience a change in attainment status over the course of the sample.
The estimates in column 3 are based on comparisons between emitters
and nonemitters within nonattainment counties. In light of the differ-
ences in these first three specifications, it is striking that the estimated
regulation effects are essentially the same across the columns.

The specification that requires the least restrictive assumptions for
unbiasedness of the regulation effects is the one in column 4, which
includes a full set of plant fixed effects. All permanent differences in
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plant growth rates are controlled for here. As evidenced by the marked
increase in the R? statistic (.504 compared to .144), the “fit” of the
regression is substantially greater. However, an Ftest fails to reject the
nuli that the piant fixed effects are jointly equai to zero. This “over-
parameterization” explains the increased standard errors of the four
regulation effects.

The intent in estimating this model is to probe the robustness of the
estimated regulation effects from columns 1-3. In this specification, two
of the regulation effects imply a larger negative effect on employment
and two are essentially unchanged relative to the other specifications.
In particular, CO nonattainment status at the beginning of a period is
associated with a 16.3 percent decline in employment in CO-emitting
plants by the end of the period. The magnitude of the regulation effect
for O, is larger, and the estimate is now ff 0.049; moreover, it would be
judged statistically significant at standard levels. The increased magni-
tude of these two regulation effects is consistent with the notion that
CO and O, nonattainment counties offer competitive advantages to
emitters of these pollutants. In contrast, the regulation effects for SO,
and TSPs are essentially unchanged from the other specifications.®

Capital Stock

The last subsection documented a robust negative correlation between
nonattainment status and employment growth. Here, | explore whether
nonattainment status is associated with the capital stock growth rate.
Investment may be particularly sensitive to regulation because it reflects
plants’ conjectures about future profitability. Although it is difficult for
plants to adjust their capital stock in the short run, the length of time
between observations (five years) means that any impact of regulation
should be apparent. In particular, it is likely that five years is enough
time for establishments to bring new investments “on line,” to substan-
tially reduce their capital stock through depreciation,® to open new
plants, or to cease operations. Interestingly, the previous literature finds

* |t is thought that environmental regulations weaken polluters’ competitive position
by causing them to hire additional nonproduction workers (e.g., engineers or environ-
mental compliance officers) that aid in ensuring adherence to the regulations but do not
directly contribute to the production of the firm’s output. | examined this hypothesisand
found that the regulations’ effects were approximately equal across production and non-
production workers. In other words, these data do not support this hypothesis.

* Dixit and Pindyck (1994) show that the sunk cost nature of many investments com-
bined with uncertainty about the future may make it more profitable for a firm to respond
to a large negative shock by allowing its capital stock to depreciate, rather than by ceasing
operations.

This content downloaded by the authorized user from 192.168.72.232 on Fri, 23 Nov 2012 12:42:21 PM
All use subject to JSTOR Terms and Conditions

ED_000584A_00001562



ENVIRONMENTAL regulations 1201

that environmental regulations are not a significant deterrent to new
investment in plants and equipment.®

There are at least three limitations to the Census of Manufactures
data on capital stock. First, the censuses’ measure of capital stock com-
prises productive capital and potentially “nonproductive” pollution
abatement equipment that is mandated by the regulations. This com-
bined measure may cause the estimated regulation effects {o be biased
upward, relative to the preferred measure of productive investment.?’
Second, the book value method is used to measure capital stock, which
likely overstates the importance of recent investment relative to a per-
petual inventory measure.® Third, the capital stock measure does not
allow for a test of whether the regulations cause plants to change the
rate of new investment or affect the value of existing capital. A measure
of capital stock that separates new investment from the depreciation/
retirement of existing capital would allow for a more nuanced analysis.

Panel A of table 6 presents estimates of the impact of the nonattain-
ment designations on capital stock accumulation. The mean five-year
growth rate of capital stock when the book value method is used is 36.5
percent. The columns correspond to specifications that include addi-
tional sets of controls as in table 5.

Across the specifications, the capital stock estimates suggest that non-
attainment status retards investment, but the evidence is less decisive
than in the employment regressions. Similarly to the employment re-
sults, the estimated regulation effects are roughly constant across the
first three specifications. The commonality of these estimates is espe-
cially apparent in the context of the standard errors. The estimates
indicate that the effect of the nonattainment designations on capital
stock ranged from small and positive (TSPs) to somewhat large and
negative(COandSO ,).However theregulationeffectforCOincolumn
3 is the only one that would be judged statistically different from zero.

The addition of plant fixed effects in column 4 greatly increases the

* A review article concludes that “environmental regulations do not deter investment
to any statistically or economically significant degree” (Levinson 1996).

¥ The “lumping” of these two types of investment together introduces a positive, me-
chanical relationship between regulation and observed investment. A preferred measure
of capital stock would exclude the investments in poliution abatement equipment that
were mandated by the amendments. The 1986 Pollution Abatement Costs and Expendi-
tures Survey provides some indirect evidence on the magnitude of this bias. It shows that
the heaviest-poliuting industries devote approximately 4-10 percent of total investment
to abatement equipment. This share is likely to be larger in nonattainment counties and
indicates that the upward bies may not be insignificant (see Becker 2001).

% A book value system permanently records the value of an investment at its purchase
price. This value is never updated to reflect inflation or changes in the good’s market
value. Therefore, the relative contribution of recent investment, which is entered in cur-
rent dollars, is overstated. A perpetual inventory measure of capital stock accounts for
these changes but is not feasible with the Census of Manufactures questionnaire.
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TABLE 6
ESTIMATED Regression Models for the Percentage Change in Capital Stock and
Shipments
(1 (2) (3) 4)
A. Capital Stock (Np 1,607,332)
CO regulation effect (b,) f.047 ff .047 f.097 ff.092
(.043) (.042) (.043) (.062)
O, regulation effect (b;) ff.009 016 f.001 ff.041
(.022) (.021) (.021) (.029)
SO, reguiation effect (bs) f.024 ff .048 f.057 ff.063
(.047) (.049) (.055) (.048)
TSPs regulation effect .026 042 .010 ff.043
(by) (.027) (.025) (.024) (.039)
R .074 109 155 462
B. Shipments (N p 1,737,753)
CO regulation effect (b,) ff.058 ff .036 ff.072 ff.146
(.029) (.029) (.029) (.046)
O, regulation effect (b,) .022 048 .019 ff.032
(.018) (.018) (.016) (.024)
SO, reguiation effect (by) ff .007 ff .026 f.027 ff.010
(.033) (.030) (.030) (.039)
TSPs regulation effect ff.014 ff.002 ff.010 ff.032
(b,) (.019) (.018) (.018) (.034)
R? 27 142 185 516
Industry by period fixed
effects yes yes yes yes
Nonattainment by period
fixed effects yes yes no no
County fixed effects no yes no no
County by period fixed
effects no no yes yes
Plant fixed effects no no no yes

NOTE.—See the note to table 5. The mean five-year growth rates of capital stock and shipments are 36.5 percent and
10.0 percent, respectively.

R? statistic. But the null that these extra parameters are jointly equal
to zero is not rejected at conventional significance levels. As in the
employment regressions, this specification indicates that the nonattain-
ment designations have a larger negative impact on growth. In partic-
ular, the estimated regulation effects from this specification are ff 0.092
for CO, ff0.041 for O,, ff0.063 for SO,, and ff 0.043 for TSPs. The loss
of the more than 700,000 degrees of freedom causes three of the four
standard errors to increase so that the null hypothesis of zero is not
rejected for any one of them.

Shipments

Panel B of table 6 reports estimation results for the growth in constant-
dollar shipments. The mean five-year growth rate of shipments is 10.0
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percent. In columns 1-3, the regulation effect for CO is negative and
statistically distinguishable from zero in two of the three specifications.
These estimates indicate that CO nonattainment status is associated with

a2 B 7 2 narcent decrooea in chinmeanite huy CO emittare The raniilation
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effect for O, is small and positive, and those for SO, and TSPs are small
and negative.

As with the employment and capital stock regressions, controlling for
plant fixed effects in column 4 causes the estimated negative effects of
nonattainment status to have a greater magnitude. In this specification,
the estimated regulation effects are ff0.146 for CO, ff0.032 for O;,
ff 0.010 for SO,, and ff0.032 for TSPs. Again the interpretation of the
standard errors is not obvious, but the regulation effect for CO is the
only one that is statistically significant at conventional leveis. Overall,
these results imply that nonattainment status, particularly CO nonat-
tainment status, is associated with a reduction in shipments by polluting
manufacturers.

A Comparison of the Estimates across the Dependent Variables

A comparison of the estimates across the three dependent variables
within and across specifications provides a crude view into the “black
box” of how firms respond to environmental regulations. For example,
consider the regulation effects for CO. In the specifications in columns
1-3, they range from ff0.075 to ff0.086 for employment, ff0.047 to
ff 0.097 for capital stock, and ff0.036 to ff0.072 for shipments. The
estimates from the specification in column 4 are ff 0.163, ff 0.092, and
ff 0.146, respectively. Within these two divisions of the specifications, the
estimates are approximately equivalent across the dependent variables,
particularly in the context of the associated standard errors. The same
patternisevidentintheeffectsoftheothernonattainmentdesignations,
although they are not as large either economically or statistically. Over-
all, the estimates suggest that the nonattainment designations cause the
growth of empioyment, capital stock, and shipments to decline by
roughly equivalent proportions.®

B. Is There Heferogeneity in the Regulation Effects across Industries?

This subsection explores whether the regulation effects vary by industry.
This is informative for at least two reasons. First, it serves as an internal

2 Fourdigit industry deflators from the Bartelsman and Gray (1994) NBER Productivity
Database are used to express the total value of shipments in 1987 doliars.

* |t would be informative to have plant-level data on pollution emissions. These data
would allow for the calculation of the marginal rate of technical substitution between
pollution and labor or capital. These measures of the ease of substitution are important
policy parameters and are left for future research.
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validity check on the results above. If the negative effects are concen-
trated in a small subset of industries, it may be reasonable to assume
that the overall regulation effects are due to an unobserved factor that

ic unralated tn reniilatinn Ac an avamnla inion activiem minht diffar
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over time and the union activity in a particular industry might be more
heavily concentrated in nonattainment counties (e.g., in the Rust Beit).
Further, such an unobserved factor could interact with the dramatic
reductions in demand experienced by some industries during the pe-
riods under consideration; for instance, employment of production
workers in primary metal industries (SIC code 33) declined from
1,059,000 in 1967 to only 538,000 in 1987. Second, it provides an op-
portunity to measure the effects of these regulations across industries.
This could be useful in evaluating the claims that particular industries
are especially harmed by the CAAAs.

Table 7 presents the industry-specific regulation effects from the es-
timation of equation (1) for employment. The results for capital stock
and shipments are qualitatively similar but are not presented here be-
causeofspaceconsiderations. Theestimatedspecificationincludesplant
fixed effects, county by period effects, and industry by period effects,
as in column 4 of table 5. The regulation effects are allowed to vary
across the industries that emit the relevant pollutant, so there are a
totalof23estimatedregulationeffects.Columnsi—4reporttheindustry-
specificregulationeffectsand heteroskedastic-consistentstandarderrors
(in parentheses). Each row pertains to an industry so that by reading
down a column, one can compare the pollutantspecific regulation ef-
fects in each of the relevant industries. The final row lists the x? statistic
and associated pvalue (in parentheses) from tests that the pollutant-
specific regulation effects are equal across industries.

A number of points emerge from the table. First, it is apparent that
the estimation of industry-specific regulation effects demands a lot from
the data. For example, the standard errors are substantially larger than
they were in table 5. Notably, the positive estimates tend to be especially
poorly determined.

Second, the four x2 tests fail to reject the null hypothesis that the
pollutantspecific regulation effects are equal across industries. This is
certainly related to the imprecision of the estimates, but an “eyeball”
test does reveal striking similarities in the parameters within a column
(see especially the CO and TSPs effects).

Third, almost all the emitting industries are negatively affected by the
nonattainment designations. Only five of the 23 estimated industryspe-
cific regulation effects are greater than zero. Of these five, four occur
in industries that emit other pollutants for which the associated regu-
lation effect is negative; thus the overall effect of the CAAAs on these
industries may still be negative. | conclude that the estimated regulation
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TABLE7
Do the Employment Regulation Effects Vary by Industry?
Cco O, SO, TSPs
Regulation Regulation Regulation Regulation
Effects Effects Effects Effects
Industry Name (SIC Code) @) (2) (3) (4)
Lumber and wood (24) ff.006
(.034)
Puip and paper (2611-31) f.080 ff. 110 ff 105 .006
(.077) (.056) (.074) (.064)
Iron and steel (3312-13, ff.A77 ff.104 .038 ff.012
3321-25) (.061) (.068) (.059) (.050)
Printing (2711-89) ff.072
(.027)
Organic chemicals .071
(2961-69) (.151)
Rubber and plastic (30) ff.093
(.046)
Fabricated metals (34) ff.013
(.026)
Motor vehicles (371) ff .026
(.057)
Inorganic chemicals ff .089
(2812-19) (.113)
Petroleum refining (2911) ff.133 A72 ff.180
(.092) (.101) (.109)
Stone, clay, and glass (32) ff.072 039 f.063
(.039) (.062) (.039)
Nonferrous metals (333-34) ff.169 ff .063
(.163) (.147)
x* statistic of equality 1.03 11.67 582 1.57
(.79) (17) (.32) (.67)

NOTE.—See the note to table 5. All the entries are taken from a single regression in which the dependent variable
is the change in plant employment between t and tff 5 divided by the mean of the tand tff 5 levels. The specification
includesplant fixed effects, county by period effects, and industry by period effects, as in col. 4 of table 5. The regulation
effects are allowed to vary across the industries that emit the relevant pollutant. Cols. 14 report the industry-specific
regulation effects and heteroskedasticconsistent standard errors (in parentheses). The last row lists the x? statistic and
associated pvalue (in parentheses) from tests that the pollutant regulation effects are equal across industries that emit
the relevant pollutant.

effects in table 5 do not reflect the experiences of a small subset of
emitting industries.

Fourth, the total effect of the regulations is particularly harsh on
industries that emit multiple pollutants in counties that are nonattain-
ment for those pollutants. For example, a literal interpretation of the
coefficients suggests that pulp and paper plants located in counties that
are nonattainment for all four pollutants at the beginning of a period
experience an employment decline of almost 29 percent over five years.
Similar calculations suggest that employment declines by 14.1 percent
in a period at petroleum-refining plants in counties that are nonattain-
ment for CO, O,, and SO,.
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C. Robustness Checks

This paper has used variation in regulation across counties, industries,
and time in an effort to estimate the causal effect of regulation on
industrial activity. However, as is always the case with a nonexperimental
design, there is a form of unobserved heterogeneity that can explain
the findings without a causal interpretation. In addition to the efforts
presented above, | probed the robustness of the estimates in a number
of other ways but found little evidence that undermines the basic
conclusions.

Table 8 reports the results of some of these robustness checks in
columns 1-3. The entries are the estimated regulation effects and het-
eroskedastic standard errors (in parentheses). The results for the three
dependent variables are in separate panels. Each column represents a
different specification or sample. All specifications include county by
period fixed effects and industry by period indicators. The results are
qualitatively similar when the specification with plant fixed effects is fit,
but the standard errors increase substantially because two of the ro-
bustness checks significantly cut the sample size. The entries in column
0 are taken from column 3 of tables 5 (employment) and 6 (capital
stock and shipments) and should be compared to the entries in the
other columns.

One potential source of bias arises from the manner in which non-
attainment status is determined and dynamics in the growth of manu-
facturing activity. Recall that a county’s nonattainment designations are
determinedbyitspoliutionconcentrations,whichareincreasinginman-
ufacturingactivity. Thusnonattainmentstatusinthefirstyearofaperiod
is likely an increasing function of previous growth. This may induce a
mechanical correlation between the regulation variables and the unob-
served components of the dependent variable in equation (1) if man-
ufacturing growth follows a dynamic process. When the process is mean-
reverting,thiscorrelationislikelytobiastheestimatedregulationeffects
downward.*

To determine whether the results above are due to dynamics, column
1 presents results from the estimation of an equation that includes as
controls the lagged value of the dependent variable (i.e., the percentage
change between tff 5 and tff 10) and interactions of the lag with the
four pollutant-emitted indicators. The parameters from the lagged de-

* Tounderstandthedirectionofbias,considerthecaseinwhichthereis“above-average”
growth among emitters of a poliutant in a county in the period between tff 5 and ¢ff
10. This growth might cause the county to be designated nonattainment in tff 5. If the
dependent variable follows a mean-reverting process, these polluters are likely to have
smaller growth in the period between fand tff 5. Thisslower growth would have occurred
even in the absence of regulation, yet the regression would attribute this decline to
regulation.
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TABLE 8
PROBING the Robustness of the Regulation Effects
Base Dynamic  Limit Sample 4.5%
ificati Model to “Stayers” Emission Rule
(M (2) (3)
A. Total Employment

CO regulation effect (b,) ff .086 ff.094 ff .059 ff.097
(.030) (.028) (.023) (.028)

O, regulation effect (b;) ff.011 ff.007 ff.019 ff.016
(.010) (.010) (.008) (.010)

SO, reguiation effect (b,) .003 .005 .010 .006
(.029) (.027) (.021) (.028)

TSPs regulation effect (b,) ff.020 ff.013 ff.022 ff.013
(.013) (.014) (.011) (.013)

B. Capital Stock

CO regulation effect (b,) ff .097 ff 134 ff.110 ff 115
(.043) (.041) (.033) (.040)

O, regulation effect (b,) ff .001 ff.007 ff.021 ff.009
(.021) (.021) (.016) (.020)

SO, regulation effect (b,) ff .057 ff .085 ff.032 ff .006
(.055) (.045) (.036) (.052)

TSPs regulation effect (b,) .010 .002 ff.038 .010
(.024) (.024) (.021) (.033)

C. Shipments

CO regulation effect (b,) ff.072 ff.092 ff.048 ff.075
(.029) (.027) (.024) (.027)

O, regulation effect (b,) .019 ff.019 .000 .016
(.016) (.016) (.015) (.016)

SO, regulation effect (b,) ff.027 ff .054 ff.023 ff.020
(.030) (.025) (.025) (.030)

TSPs regulation effect (b,) ff.010 ff .054 ff.037 .008
(.018) (.016) (.015) (.020)

NOTE.—See the notes to tables 5 and 6. The entries are the estimated regulation effectsand heteroskedasticstandard
errors (in parentheses) from separate regressions for the three dependentvariables. Thedependentvariableisidentified
in the panel heading. Each column represents a different specification or sample. All specifications include county by
period effects and industry by period effects. The entries in col. O are taken from col. 3 of tables 5 (employment) and
6 (capital stock and shipments) and should be compared to the other columns. In col. 1, the lagged dependent variable
is included as a regressor, and its effect is allowed to vary by the pollutant emitted. The sample size is 884,812 for
employment, 921,403 for capital stock, and 944,596 for shipments. In col. 2, the sample is limited to stayer plants, and
the respective sample sizes are 762,513, 764,115, and 768,096. In col. 3, industries that account for at least 4.5 percent
of industrial sector emissions of a pollutant are classified as an emitter of that pollutant (see App. table A2).

pendent variables are not reported in the table but provide evidence
of dynamic patterns of growth in manufacturing activity. However, the
commonality of the estimates in columns 0 and 1 implies that the reg-
ulation effects are not due to these dynamics.*?

It is frequently assumed that environmental regulations primarily af-
fect the location decisions of new plants (e.g., Bartik 1985; McConnell
and Schwab 1990) because “grandfather” clauses and political lobbying

* The estimates are virtually identical when the col. 0 sample is limited to plants with
nonmissing lagged dependent variables.
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protect incumbent plants. In column 2 of table 8, the sample is limited
to “stayers,” that is, plants that are operating in both the first and last
years of a period. The estimated regulation effects in this column are

romarkahly cimilar ta thpee from tha haco enecificatinn indicating that
rémarkaoiy Siimhial 10 tNCSC oM tNC 0358 SpeCiiiCauion, inGitating wmnat

the regulations also restrict the growth of stayers. The negative coeffi-
cients from the capital stock regression are noteworthy because the
regulations frequently require stayers to install “end of the line” pol-
lution abatement equipment that increases measured investment (but
not productive investment).®

| also examine the sensitivity of the estimated regulation effects to
the definitions of emitting status. For example, column 3 of table 8
presents the results from regressions in which the group of emitters is
expanded such that industries that account for more than 4.5 percent
of the industrial sector’s emissions of a pollutant are classified as an
emitter of that pollutant (see App. table A2). The estimated regulation
effects are generally unchanged by this expansion of the list of emitters.
Further, | tested whether the effects differed when an industry is re-
quired to account for at least 9 percent of industrial sector emissions
to qualify as a polluter. The estimated regulation effects are also qual-
itatively similar in this case.

Another possible source of bias is that plants located in a county that
is currently nonattainment but is “expected” to become attainment in
the near future might delay investments until the regulation designation
is changed. In the presence of this type of temporal shifting, the esti-
mated regulation effects would be negative; but over longer periods,
regulation would have no effect on manufacturing activity. In order to
explore this possibility, | restricted the sample so that plant observations
from counties that are nonattainment for a particular pollutant in a
given period but attainment for the same pollutant in the next period
are dropped. This sample restriction is implemented four separate
times, once for each of the pollutantspecific nonattainment designa-
tions. The estimated regulation effects from these restricted samples
are statistically indistinguishable from estimates based on the full sam-
ple. Consequently, it is unlikely that this form of temporal shifting of
investment is the source of the estimated regulation effects.

A further potential source of bias comes from unobserved regional
shocks to industries. | estimated a model that included industry by pe-
riod by region fixed effects, where industry is defined as one of the 13
industries described above and regions are the nine Census Bureau
regions of the United States. The estimated regulation effects from this

* Greenstone (1998) provides evidence on the regulations’ effect on plant locationand
exit decisions.

* These results and the other results discussed in the remainder of this subsection are
available from the author.
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specification are also similar to those presented in tables 5 and 6. Ad-
ditionally, | fit a model that allows the industry shocks to vary at the
state level rather than the census region level. In a further specification,

I dieaanrenated indiictrng and ectimatad an eniiatinn that ineliidees QIC
v GISagQregaiCl InGuUstly andG SSumatl an equation mnat InGiuGes siv

three-digit industry by period by census region fixed effects. Neither of
these alternatives changes the estimated regulation effects by a mean-
ingful amount. Overall, there is little evidence that the regulation effects
are due to regional industry shocks.

Finally, owing to the coincidence of the implementation of these
regulations and the decline in manufacturing activity in “Rust Belt”
states, it is sometimes thought that the regulations caused this decline
(e.g., Kahn 1999). Toexamine this possibility, | separately estimated the
regulation effects on samples from the Rust Belt and non-Rust Belt
states.® Across the three measures of manufacturing activity, the esti-
mates indicate that the regulations retard the growth of polluting man-
ufacturers in both sets of states.

VI. The Magnitude of the Regulation Effects and Their
Interpretation

The analysis above indicates that the CAAAs reduced the refative growth
of pollution-intensive manufacturing activity in nonattainment counties.
This section provides answers to three important questions about the
estimated regulation effects. How large are they? Can they be used to
assess claims that the CAAAs cause manufacturers to shift production
(and jobs) abroad? Further, do they provide estimates of the costs of
the nonattainment designations that can be compared with estimates
of their benefits?

A.  The Magnituce of the Regulation Effects

Table 9 develops two measures of the magnitude of the regulation ef-
fects. Notice that there are three panels, one for each of the measures
of manufacturing activity. Column 1 presents the estimated regulation-
induced change in the measures of activity. This is calculated by mul-
tiplying the sum of the activity in targeted plants (recall table 2) by the
relevant estimated regulation effects from the specification that includes
plant fixed effects (i.e., col. 4 of tables 5 and 6). The estimated regu-
lation-induced changes are presented separately by poliutant, and their
sumislistedinthe“alimanufacturers”row.Column2liststhe95percent

confidence interval of these estimates. Column 3 reports the change in

* The Rust Belt is defined to include lllinois, Indiana, Michigan, New York, Ohio, and
Pennsyivania.
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TABLE9
Two Measures of the Magnitude of the Regulation Effects

RATIO
MEAN of of

; CHANGE  1972-77 RATIO  Col.
ESTIMATED Regulation-induced 197277 and ofCol. 1to
to

Change, 1972-77 to 1982-87 1982-87 1t0 Col.
Mean 95% Confidence interval  1982-87 LEVELS Col. 3 4

O] (2) 3) 4) (5) (8)
A. Total Employment
CO emitters 119,100 [ff 54,600, ff 183,500] ff 296,502 892,312 402 133
O, emitters {423,400  [ff 169,400, ff677,400] ff 169,000 5,496,651 2505 ff.077
SO, emitters 800 [57,400, ff 55,800] ff359,821 1,537,994 ff.002  .001
TSPs emitters ff 50,200 [48,200, ff 148,500] ff374,081 1,884,883 134 ££.027

All manufacturers ff591,900 [ff 118,400, ff 1,065200] 250,183 17,215,016 2366 ff.034
B. Capital Stock (Millions of Dollars)

CO emitters f 7,500 [2,400, ff 17,500] 65,977 110,639 ff.114 f.068
O, emitters f 18,600 [7,200, ff 44,300] 175,235 258,645 ff.106 ff.072
SO, emitters ff 4,800 [2,400, ff 11,900} 85,092 144,078 ff.056 ff.033
TSPs emitters ff 5,700 [4,500, ff 15,900] 56,635 108,261 ff.101 f.053
All manufacturers  f 36,600 [16,400, f 89,600] 409,687 565,888 ff.089 ff.065
C. Shipments (Millions of 1987 Dollars)
CO emitters ff 25,700 [ff 9,800, ff 41,500} ff 25,601 235,616 1.003 ff.109
O, emitters f 40,500 [19,000, ff 100,000] 2,281 773,443 f17.751 ff.052
SO, emitters ff 1,500 [10,000, ff 13,000] ff 29,806 310,140 050 ff.005
TSPs emitters ff 7,600 [8,200, ff 23,500] f 24,581 211,875 310 ff.036
All manufacturers 75,300 27,400, ff 178,000] 227,673 2,051,492 ff.331 ff.037

NoTe.—Theentriesincol. 1arecalculatedbymultiplyingtheparameterestimatesfromeol.4oftables5 (employment)

and 6 (capital stock and shipments) and the level of the outcomes in emitters in nonattainment counties; table 2
presents the employment levels. For instance, the effect of CO regulation on employment in CO-emitting industriesis
calculated by multiplying the estimated effect of CO nonattainment (ff .163) by the sum of the levels of employment
in CO-emitting plants located in CO nonattainment counties for 197277 (201,108), 1977-82 (302,989), and 1982-87
(226,294), which yields an estimated change of ff 119,100 jobs. Col. 2 presents the 95 percent confidence interval of
this estimate based on the heteroskedasticconsistent standard errors. The entries in col. 3 are the difference between
the 197277 and 1982-87 levels of the outcome variables, and the entries in col. 4 are the means of these two values.
The shipments measures were converted to 1987 dollars using the Bartelsman and Gray (1994) NBER Productivity
Database four-digit deflators.

the measure of activity between the period in which the CAAAs were
first in force and the last period (i.e., 1972-77 and 1982-87), separately
for emitters of each of the pollutants and the entire manufacturing
sector. Finally, column 4 lists the mean of the levels from these two
periods for the same categories of plants.

The entries in columns 1, 3, and 4 are used to calculate the two
measures of the magnitude of the regulation effects. Column 5 reports
the ratio of the entries in columns 1 and 3, and column 6 lists the ratio
of columns 1 and 4. Thus these columns normalize the regulation-
induced changes by the total change in and mean of the measures of
activity, respectively.

Panel A reports these calculations for employment. For example, they
indicate that employment in CO-emitting industries located in CO non-
attainment counties declined by 119,100 jobs (relative to CO emitters
in CO attainment counties) in the first 15 years in which the CAAAs
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were in force.® The 95 percent confidence interval of this estimate is
[ff 54,600, ff 183,500]. Analogous calculations indicate that the cumu-

lative regulation-induced change (95 percent confidence interval) in
amninumant in nnnattainmeaent sniintiac ic FFA2FANN [H 1R0 AND

CHpiIUyHiGHL i niviiataiiniciic. GUuniuGo 1o 1 529,5vv (1 109,50y,

ff 677,400] for O,, 800 [57,400, ff 55,800] for SO,, and ff 50,200 {48,200,
ff 148,500] for TSPs. The large decline in O, employment reflects the
high levels of employment in Oz emitting industries. The sum of the
regulation-induced changes is ff 591,900 [ff 118,400, ff 1,065,200].

Column 5 reports that the total regulation-induced change in em-
ployment is almost 2.4 times as large as the decline in manufacturing
sector employment (roughly 250,000 jobs). This ratio is large, but man-
ufacturing sector employment was essentially flat in these periods. The
second measure reveals that the regulation-induced change in employ-
ment in nonattainment counties was a more modest 3.4 percent of total
manufacturing sector employment.

Panels B and C present the analogous calculations for capital stock
andshipments, respectively. Thecumulativeregulation-inducedchanges
in capital stock and shipments across all four regulations are $36.6
billion [$16.4 billion, ff$89.6 billion] and $75.3 billion (1987 dollars)
[$27.4 billion, ff $178.0 billion], respectively. These changes are 8.9 per-
cent and 33.1 percent of the total change in these measures of manu-
facturingactivity. Whentheyarenormalized bythemeanlevelsofcapital
stock and shipments, they are 6.5 percent and 3.7 percent, respectively.

Overall, these two measures indicate that during the first 15 years in
which the CAAAs were in force, the cumulative regulation-induced
changes in manufacturing activity in nonattainment counties were not
insignificant relative to either changes in or the level of total manufac-
turing sector activity. It is important to bear in mind, however, that the
legislation also specified regulations for attainment counties. Conse-
quently, it is likely that the total effect of the CAAAs is even larger than
indicated in table 9.

B.  Interpretation

It would be informative if the estimated regulation effects could be used
to determine how much production (and employment) was shifted
abroad as a result of the nonattainment designations.®” This would pro-

* This is calculated by multiplying the estimated effect of CO nonattainment status
(ff0.163) by the sum of the levels of employment in CO-emitting plants located in non-
attainment counties for 1972-77 (201,108), 1977-82 (302,989), and 1982-87 (226,294).

¥ A related question is whether environmental regulations alter the international lo-
cation decisions of polluters. An extrapolation of this paper’s findings to this question
suggests that international differences in the stringency of environmental reguiation will
tend to shift poliuters’ production to countrieswithrelativelylaxenvironmentalstandards.
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vide one measure of the national costs of these regulations. Unfortu-
nately suchacalculationisnotpossiblebecauseitcannotbedetermined
whether the lost activity in nonattainment counties moved to foreign

colintrios aor attainmant pountioee Qinee it i likaly that tha ramiilatinon
COUNNCS OF auiainment CoOUnucs. SinCe 1t 16 HKGY nal e reguiauion

effects partially reflect some shifting of manufacturing activity within
the United States, they probably overstae the national loss of activity due
to the nonattainment designations. Moreover, the possibility of intra-
country shifting means that the regulation effects are also likely to over-
state losses in nonattainment counties. The reason is that the identifi-
cation strategy relies on comparisons between nonattainment and
attainment counties, which leads to “double counting” when production
is moved from a nonattainment county to an attainment one.®

There are at least two reasons to doubt that the regulation effects
entirely reflect a movement of plants from nonattainment to attainment
counties. First, counties frequently move into and out of nonattainment
status. Thus firms may consider it unlikely that they can remain in the
UnitedStatesandescapefutureregulation.Second, productioninmany
of the regulated industries (e.g., iron and steel and pulp and paper)
requires substantial “sunk” costs that make it costly to shift locations.

The estimated regulation effects have an additional limitation as a
measure of the costs of regulation. They are calculated in terms of
employment, investment, and shipments, but these measures are not
readily comparable to standard measures of the benefits of regulation.
The conversion of these measures into a monetary unit would have
great practical importance. For instance, it would then be possible to
compare the costs of the regulations with hedonic housing market es-
timates of the monetary gains to homeowners from regulation-induced
pollution reductions.

A full monetizing of the regulation-induced losses is left to future
research, but it is worth noting that this task is tractable. In a freely
functioning market economy, jobs and capital are not lost or made
obsolete.Inresponsetoashocksuchastheimpositionofenvironmental
regulations, these factors of production generally become employed in
another capacity. Thus the losses due to regulation are the adjustment
costs associated with the shifting of resources to new sectors. It isevident
that monetized estimates of the costs of the CAAAs require reliable
estimates of the magnitude of these frictions.

Recent research indicates that these frictions may be quite substantial
and can persist for as long as a decade (Blanchard and Katz 1992).
Jacobson, LalLonde, and Sullivan (1993) document that displaced work-

* In the extreme, the estimated regulation effects entirely reflect a movement of man-
ufacturing activity from nonattainment to attainment counties. In this scenario there is
no loss of production (and jobs) to foreign countries, and the regulation effects overstate
the lost production in nonattainment counties by a factor of two.
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ers endure substantial wage losses. Further, Goolsbee and Gross (2000)
and Ramey and Shapiro (2001) show that it is costly for firms to adjust
their capital stock in response to demand shocks. Consequently, workers

and firmeg that wore affactad hy the CA A Ac mov haue ciffarad ciihetantial
anaG 1rms waw wei aii€Ciel DY 1Nt LAAAS May nave SUtiCiel Sudsiantia:

losses.

VIil. Conclusions

This paper provides new evidence that environmental regulations re-
strict industrial activity. | find that in the first 15 years after the CAAAs
became law (1972-87), nonattainment counties (relative to attainment
ones) lost approximately 590,000 jobs, $37 billion in capital stock, and
$75 billion (1987 dollars) of output in polluting industries. Although
these estimates are not derived from a randomized experiment and
therefore cannot meet astrict definition of causality, they provide robust
evidence that these regulations deter the growth of polluters. In the
first place, the findings are derived from the most comprehensive data
available on clean air regulations and manufacturing activity. Second,
the preferred statistical model for plantlevel growth controls for all
permanent plant characteristics, unrestricted industry shocks, and un-
restricted county shocks. Third, the effects are robust across a variety
of specifications. Finally, the regulation effects are evident across three
different measures of manufacturing activity and a wide range of pol-
luting industries.

The federal standards for ozone and particulates were tightened re-
cently, causing a substantial increase in the number of nonattainment
counties.® The balance of evidence from this paper suggests that the
new nonattainment counties will experience reductions in employment,
investment, and shipments in polluting industries. To gain a clearer
understanding of whether it is worthwhile to incur the costs associated
with these reductions, it is crucial to understand the regulations’ effec-
tiveness at cleaning the air and the benefits of cleaner air. Recent re-
search finds that these policies are effective at reducing concentrations
of air pollution and that cleaner air, particularly reductions in TSPs,
provides substantial monetary benefits to homeowners and reduced in-
fant mortality rates (Smith and Huang 1995; Henderson 1996; Chay
and Greenstone 2000, 2002a, 2002b). Regardless of whether these pol-
icies pass or fail a cost-benefit test, this paper’s findings undermine the
contention that environmental regulations are costless or even benefi-
cial for the regulated.

* Although legal wrangling over this policy change is not concluded, the Supreme
Court’s Whitman v. American Trucking Assceiations decision appears to uphold the EPA’s
decision to tighten these standards.
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TABLE A1
SELECTED National Ambient Air Quality Standards

Maximum Allowable Concentration

(Dyriraams Standard)
yeiimary swangaird )

Carbon monoxide:

Maximum 8-hour concentration 9 parts per million
Maximum 1-hour concentration 35 parts per million
Nitrogen dioxide:
Annual arithmetic mean .053 parts per million
Ozone:
Maximum 1-hour concentration .12 parts per million (after 1979)

.08 parts per million (through 1979)
Sulfur dioxide:

Annual arithmetic mean .03 parts per million
Maximum 24-hour concentration 14 parts per miliion
Total suspended particulates:
Annual geometric mean 75 micrograms per cubic meter
Maximum 24-hour concentration 260 micrograms per cubic meter

NOTE.—A county is in violation of one of the hourly based standards (i.e., one-hour, eight-hour, or 24-hour) if it
exceeds the standard more than once in ayear. In 1987 the EPA switched its focus from the regulation of allparticulates
(i.e., TSPs) to small particulates (i.e., PM10s). In 1997 the ozone standard was revised, and the particulates standard
was further modified to regulate even smaller particulates (i.e., PM2.5s).

Data Appendix
A.  Defermining the County-Level, Pollutant-Specific Regulation Designations

The centerpiece of the Clean Air Act Amendments is the annual county-level
assignment of nonattainment and attainment status for CO, O,, SO,, and TSPs.
The legislation specifies that the pollutantspecific designations be based on
whether acounty’sambientpollutionconcentrationexceedstherelevantfederal

air quality standard. Table A1 lists the standards. This section describes how
these designations are determined for each of the four periods (i.e., 1967-72,
197277, 1977-82, and 1982-87) examined in this paper.

Although the 1970 amendment passed before the 1967—72 period ended, the
associated enforcement activities did not commence until late 1972 (Liroff
1986).Consequently everycountyisdesignatedattainmentforalifourpoliutants
in the 196772 period.

The determination of the nonattainment designations in the 1977-82 and
198287 periods is relatively straightforward. In 1978 the EPA began to publish
annually a list of nonattainment counties in the Code of Federal Regulations.*® For
each of the regulated pollutants, the CFR lists every county as “does not meet
primary standards,” “does not meet secondary standards,” “cannotbe classified,”
“better than national standards,” or “cannot be classified or better than national
standards.” Further, the CFR occasionally indicates that a part of a county did
not meet the primary standards. For the 1977-82 (1982-87) period, a county
is assigned to the pollutantspecific nonattainment category if all or part of it
failed to meet the pollutantspecific “primary standards” in 1978 (1982); oth-
erwise, it is assigned to the pollutantspecific attainment category. These annual
county-level, pollutantspecific designations were hand entered for the 3,070
U.S. counties.

“Vernon Henderson and Randy Becker generously allowed me to photocopy the rel-
evant sections of the CFR.
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The determination of the identities of the nonattainment counties in the
1972-77 period is more complicated. The EPA did not publish them in the early
years of regulation, and | was told that records from that period “no longer
exist.” Consequently, | filed a Freedom of Information Act request and obtained
the EPA’s “Quick Look Report” data file, which contains annual summary in-
formation on the readings from each EPA pollution monitor*' This file is used
to replicate the EPA’s statutory selection rule; counties with monitor readings
exceeding the pollutantspecific national standard in 1972 are assigned to the
pollutant-specific nonattainment category for the 1972—77 period. All other
county by poliutant combinations are designated attainment.*?

B.  Defermining Which Plants Were Subject to the Regulations

An important part of the analysis is the determination of which manufacturing
plants (or industries) were not targeted by the regulations in the examined
period. A historical list of regulated plants or industries is unavailable from the
EPA. Consequently, | devised a system to divide the manufacturing sector into
emitters and nonemitters that attempts to mimic the EPA’s focus on the dirtiest
plants and industries in the initial years of regulation.

The EPA’s estimates of industrial emissions are used to determine the pol-
lutants emitted by each industry. These estimates are reproduced in table A2.
The table lists the estimated annual emissionsofeach oftheregulatedpoliutants
by industry, as well as each industry’s share of total industrial sector emissions.
Industries that are excluded from the table either produce negligible levels of
the regulated pollutants or had escaped the EPA’s attention as late as the early
1990s. Communications with EPA officials indicate that it is unlikely that the
excluded industries were subject to significant regulatory oversight in the 1970s
and 1980s.

In the assignment of polluter status to industries, one possibility is to assume
that the industries listed in table A2 are regulated for all the pollutants. Since
some industries are major polluters of a particular poliutant but not of another,
it is evident that this is not a sensible approach. Consequently, | label all in-
dustries that account for at least 7 percent of the industrial sector emissions of
a pollutant to be an emitter of that pollutant; excluded industries and those
whose emissions fall below the 7 percent threshold are considered nonemitters
of that pollutant. An industry is designated an O, emitter if it exceeds the 7
percent threshold for either nitrogen dioxide or volatile organic compounds,
both of which are precursors of ozone. The results are insensitive to other
“reasonable” definitions of emitter status. These results are discussed in Section
V.

“ This date file comes from the EPA’s Air Quality Subsystem database and contains
annual statistics on the readings from all state and national poliution monitors for the
four criteria pollutants.

“2 | tested whether the results were sensitive to the choice of a pollution monitor—based
definition of which county/pollutant combinations were heavily regulated for this period
(i.e., 1972-77). The paper’s conclusions are insensitive to dropping the 1972-77 period
from the sample.
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TABLE A2
ANNUAL Industrial Sector Pollutant Releases by Industry
VOLATILE Or- TOTAL Sus-
CARBON NITROGEN gani pended
Monoxide Dioxide Compounds Suifur Dioxide  Particulates
Emissions Share Emissions Share Emissions Share Emissions Share Emissions Share EMITTER Status

INDUSTRY (SIC Code) ()] (2) (1) (2) (1) (2) (1) 2) (@) 2) 3)
Metal mining (10) 5,391 2% 28,583 1.6% 1,283 1% 84222 35% 140,052 154% *
Nonmetal mining (14) 4,525 1% 28,804 1.6% 1,736 A% 24129 1.0% 167,948 185% *
l_umber and wood products (24) 123,756 3.5% 42,658 2.4% 41423 3.0% 9,149 4% 63761 7.0% TSPs
\Wood furniture and fixtures (parts of

25)t 2,069 1% 2,981 2% 59,426 4.4% 1,606 1% 3,178 3% Clean
Puip and paper (2611-31) 624,291 175% 394448 21.7% 96,875 7.1% 341,002 140% 113571 125% CO/0,/S0,/TSPs
Printing (2711-89) 8,463 2% 4,915 3% 101,537 7.5% 1,728 A% 1,031 A% O
Inorganic chemicals (2812-19) 166,147 47% 108575 6.0% 52,001 38% 182189 75% 39,082 4.3% SO,
Organic chemicals (2861-69) 146,947 41% 236,826 13.0% 201,888 148% 132459 54% 44800 49% O;
Petroleum refining (2911) 419,311 11.8% 380641 21.0% 309,058 227% 648,153 266% 36,877 4.1% CO/0;/80,
Rubber and miscelianeous plastic

products (30) 2,000 1% 11,914 7% 140,741 10.3% 20,364 1.2% 5,355 6% O,
Stone, clay, glass, and concrete (32) 58,043 16% 338482 186% 30262 22% 339216 139% 171,853 189% O,/S0O,/TSPs
Iron and steel (3312-33, 3321-25) 1,518,642 426% 138985 7.7% 82292 6.0% 238268 9.8% 83017 9.1% CO/0;/SO,/TSPs
Nonferrous metals (333-34) 448,758 12.6% 55658 3.1% 27375 20% 373,007 153% 22490 25% CO/SO,
Fabricated metals (34) 3,851 1% 16,424 9% 102186 7.5% 4,019 2% 3,136 3% O
Electronics (36) 367 0% 1,129 A% 4,854 4% 453 0% 203 0% Clean
Motor vehicles, bodies, and parts

(371) 35303 1.0% 23,725 13% 101275 7.4% 25462 1.0% 12,853 14% O,
Dry cleaning (721) 101 0% 179 0% 7,310 5% 152 0% 28 0% *
Industrial sector total 3,568,055 1,814,927 1,361,612 2,434,578 909,385

SoURCE.—EPA Sector Notebook Project (1995).

No te—For each pollutant, emissions in col. 1 lists the number of short tons emitted per year. Share in col. 2 reports the fraction of industrial sector emissions. The paper’s analysis
designates an industry an emitter of a pollutant if it accounts for at least 7 percent of industrial sector emissions. Each industry’s emitter status is summarized in col. 3. Nitrogen dioxide
and volatile organic compounds are the primary ingredients of ozone (O,). If an industry emitted more than 7 percent of either of these pollutants, it is designated an O, emitter. The
remainder of the manufacturing sector is designated nonemitters of all criteria pollutants and labeled clean.

* Metal mining, nonmetal mining, and dry cleaning are outside of the manufacturing sector.

TWood furniture and fixtures comprises the following SIC codes: 2511, 2512, 2517, 2519, 2521, 2531, and 2541.
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Manufacturing industries differ with respect to their energy intensity, labor-to-capital ratio and their poliu-
tion intensity. Across the United States, there is significant variation in electricity prices and labor and envi-
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dence that pollution-intensive industries locate in counties featuring relatively lax Clean Air Act regulation.
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1. Introduction

Between 1998 and 2009, aggregate U.S. manufacturing jobs de-
clined by 35 percent while the total production of this industry
grew by 21 percent.’ This loss of manufacturing jobs has important
implications for the quality of life of the middle class. Manufacturing
offers less educated workers employment in relatively well paying
jobs (Neal, 1995). Despite public concerns about the international
outsourcing of jobs, over eleven million people continue to work in
the US. manufacturing sector.? The ability of local areas to attract
and retain such manufacturing jobs continues to play an important

¢ We thank Severin Borenstein, Joseph Cullen, Lucas Davis, Meredith Fowlie, Jun Ishii,

Enrico Moretti, Nina Pavcnik, Frank Wolak, Catherine Wolfram, and the seminar partic-
ipants at the 2009 UCElI Summer Camp, UBC Environmental Economics and Climate
Change Workshop 2010, the 2012 UC Berkeley Power Conference, Claremont-
McKenna College, Amherst College, the University of Alberta, the University of
Michigan, and Yale University for their useful comments. We thank Wayne Gray for
sharing data with us and Koichiro Ito and William Bishop for assisting with Fig. 1. We
thank the two anonymousreviewersfor their several useful comments.

7 Corresponding author.

E-mail addresses: mkahn@ioe ucla.edu (ME. Kahn), erin.mansur@dartmouth.edu
(ET. Mansur).

" The U.S. Bureau of Labor Statistics reportsemploy mentby sector. From 1998 to 2009,
manufacturing employment fell from 17.6 million to 11.5 million (hitp://databls.gov/
timeseries/CES30000000017data_tool = XGtabie The United Nations Statistics division
reportsgrossvalueadded by kind of economicactivityat constant(2005) USdollars.From
1998 to 2009, manufacturingvalue wentfrom $1348 billionto $1626 billion (http://data.

un.org/Data.aspx?d = SNAAMART = gril3a202%3beurrl DM3alsDie3bpeFlagdal?3bit e

3a12).
2 In March, 2011, 1167 million people worked in manufacturing (NAICS 31-33)
(source: hitp://www blsgov/iag/tgs/iag31-33.him).

0047-2727/$% — see front matter © 2013 Elsevier B.V. All rights reserved.
hitp://dx.doiorg/10.1016/].jpubeco.2013.03.002

role in determining the vibrancy of their local economy (Greenstone
et al, 2010).

Ongoing research examines the role that government regulations
and local factor prices play in attracting or deflecting manufacturing
employment. During a time when unemployment rates differ greatly
across states, there remains an open question concerning the role
that regulation plays in determining the geography of productive ac-
tivity. A leading example of this research is Holmes' {1998) study
that exploited sharp changes in labor regulation at adjacent state
boundaries. He posited that counties that are located in Right-to-
Work states have a more “pro-business” environment than their
nearby neighboring county located in a pro-union state. He used this
border-pairs approach to establish that between 1952 and 1988
there has been an increasing concentration of manufacturing activity
on the Right-to-Work side of the border. A recent Wall Street Journal
piece claimed that, between the years 2000 and 2008, 4.8 miilion
Americans moved from union states to Right-to-Work states.’

In this paper, we build on Holmes' core research methodology
along three dimensions. First, we focus on the modern period from
1998 to 2009. During this time period, the manufacturing sector ex-
perienced significant job destruction as intense international compe-
tition has taken place (Davis et al., 2006, Bernard et al,, 2006). This
time period covers the start of the recent deep downturn in the na-
tional economy and the earlier 2000 to 2001 recession. Past research
has documented that industrial concentration is affected by energy prices

3 Arthur B. Laffer and Stephen Moore. “Boeing and the Union Berlin Wall” hitp://online
wsi.com/article/SB10001424052748703730804576317140858893466.himl
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(Carlton, 1983), environmental regulation (Becker and Henderson, 2000;
reenstone, 2002; Walker, 2012), and labor regulation and general state
level pro-business policies (Holmes, 1998; Chirinko and Wilson, 2008).
Second, we use the border-pair methodology to study the relative
importance of these three key determinantsof the geographicconcen-
tration of manufacturingjobs in one unified framework. Third, we ex-
amine the heterogeneity of industries' response to these policies.

We estimate a reduced form econometric model of equilibrium
employment variation across counties that allow us to study how en-
ergy regulation, labor regulation and environmental regulation are
associated with the spatial distribution of employment while holding
constant the other policies of interest. Our identification strategy ex-
ploits within border-pair variation in energy prices and regulation to
tease out the role that each of these factors play in influencing the
geographical patterns of manufacturing employment. As we discuss
below, county border pairs share many common attributes including
local labor market conditions, spatial amenities, and proximity to
markets. We compare our estimates of policy effects in regression re-
suits with different levels of geographic controls to see how robust
our resuits are across different specifications.

This paper studies where different industries cluster across dif-
ferent types of counties as a function of county regulation status. In
the case of manufacturing, we disaggregate manufacturing into 21
three-digit NAICS industries. These industries differ along three di-
mensions; the industry's energy consumption per unit of output, the
industry’'s labor-to-capital ratio, and the industry's poliution intensity.
We model each county as embodying three key bundled attributes; its
utility's average industrial electricity price, its state's labor regulation,
and the county's Clean Air Act regulatory status.

The basic logic of comparative advantage yields several testable
hypotheses. In a similar spirit as Eilison and Glaeser (1999), we test
for the role of geographical “natural advantages” by studyingthesorting
patternsof diverse industries.Energy-intensiveindustriesshouid avoid
high electricity price counties.* Labor-intensive manufacturing shouid
avoid pro-union counties. Poliution-intensive industries should avoid
counties that face strict Clean Air Act regulation. We use a county-
industry level panel data set covering the years 1998 to 2009 to test
all three of these claims.

The paper alsoexaminesthe relationshipbetweenenergy pricesand
employmentforspecific industries.We recognize that manufacturingis
just one sector of the economy and thus we examine how other major
non-manufacturingindustries are affected by energy, labor and envi-
ronmental regulation. For 21 manufacturing industries and 15 major
non-manufacturingindustries, we estimate this relationship. We find
that energy prices are not an important correlate of geographical con-
centration for most non-manufacturingindustries. However, employ-
ment in expanding industries such as Credit Intermediation (NAICS
522), Professional, Scientific and Technical Services (NAICS 541), and
Management of Companies and Enterprises (NAICS 551) is responsive
to electricity prices with implied elasticities of approximately - .15.
In comparison, the most electricity-intensive manufacturing industry,
primary metals, has an elasticity of - 1.17.

2. Empirical framework

Qur empirical work will focus on examining the correlates of the
geographic clusters of employment and establishments by industry
starting in 1998. Building on Holmes’ (1998) approach, we rely heavi-
ly on estimating statistical models that include border-pair fixed
effects. A border pair will consist of two adjacent counties.

4 Energy-intensive industries will also attempt to avoid high oil, coal, and natural gas
prices, as well. However, our identification strategy examines differences between
neighboring counties and while there are regional differences in coal and naturai gas,
these differences are likely to be small between neighboring counties.

Comparing the geographic concentration of employment within a
border pair controls for many relevant cost factors. Manufacturing
firms face several tradeoffs in choosing where to locate, how much
to produce, and which inputs to use. To reduce their cost of produc-
tion, they would like to locate in areas featuring cheap land, low
quality-adjusted wages, lax regulatory requirements and cheap ener-
gy. They would also like to be close to final consumers and input sup-
pliers in order to conserve on transportation costs. Within a border
pair, we posit that local wagesare roughly constant as are location spe-
cific amenitiesand proximity to input suppliersand final consumers.

Qur unit of analysis will be a county/industry/year. First we study
the geographic concentration of 21 manufacturing industries using
the U.S. County Business Patterns (CBP) data over the years 1998 to
2009.° The CBP reports for each county and year the employment
count, establishment count and establishment count by employment
size. This last set of variables is important because the CBP suppresses
the actual employment count and reportsa “0” for many observations
(lsserman and Westervelt, 2006).°

Throughout this paper, we assume that each industry differs with
respect to its production process (and hence in their firms' response
to electricity prices and regulation) but any two firms within the
same industry have the same production function. In general, energy
inputsand the firm's environmental control technology may be either
substitutes or complements with labor in a given industry (Berman
and Bui, 2001). Our paper studies the effects of regulations on overall
employment, combining both these substitution effects as well as
scale effects.

QOur main econometric model is presented in Eq. (1). Estimates of
Eq. (1) generate new finding about the equilibrium statistical rela-
tionship between regulation, electricity prices and manufacturing lo-
cation choices between 1998 and 2009. The unit of analysis is by
county i, county-pair j, industry k, and year t. County i is located in
utility u and state s. In most of the specifications we report below,
we will focus on counties that are located in metropolitan areas.”

empjus % BiP5T b BoPir” Elecindex,, b BaRight, LabCapRatio
bB4Nonattain, p BsNonattain, Pollindex, b BgNoMonitor,
b B7NoMonitor; Pollindex, p 8;Elecindex, p 6,Right p 8;LabCapRatioy

p6,Pollindex, p f&Pollyp b 8Z; b a; b Vi P Tyt P &ijuskt’
o1

In this regression, the dependent variable will be a measure of
county/industry/year employment. The first term on the right side of
Eq. (1) presents the log of the average electricity prices that the indus-
try faces in a specific county. The second term allows this price effect
to vary with the industry's electricity-intensity index. In the regres-
sions, the electricity-intensity index is normalized to range from O to
1 for ease in interpreting the results.® Third is an interaction term
between whether state s has Right-to-Work laws (Right) and the

® County Business Patterns (http://www census.gov/econ/chp/downioad/index hip
We use 1998 as our start date because this was the first year in which NAICSrather than
SlICcodes where used. All data use the 2002 NAICS definitions.

8 The CBP suppress employmentcounts to protect firms' privacy in certain cases. In
35 percent of our observations,employment equals zero despite there being a positive
countof establishmentsin thatcounty,industryand year. To addressthisissue, we impute
the employmentdata using the establishmentcount data when suppressionoccurs. The
CBP provides the counts of establishmentsby firm size category. We take the midpoint
of employment for each of these categoriesand use the county/industry/yearestablish-
ment count data across the employ mentsize categories (1-4, 5-9, 10-19, 2049, 50-99,
100-249,250-499,500-999, 1000-1499, 1500-2499,2500-4999 and 5000 + ) to impute
the employmentcount for observationsthat are suppressed. We top code the 5000 + em-
ploymentobservationsat 6000.

Y MSA counties account for most of the population (78% of the 1995 US population),
manufacturing establishments (78% in sample), and manufacturing workforce (74%in
sample).

8 The NBER productivity data report efectricity intensity in electricity usage (in
kWh) per dollar value of shipments. We normalize this measure to range from zero
to one to simplify the interpretation of the price coefficients.
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industry's labor-to-capital ratio (LabCapRatio). Finally, we examine
the effect of environmental policy. This includes the interaction of an
indicator of nonattainment status (Nonattainment) and a continuous
index of poliution from an industry (Pollindex). We also examine the
interaction effect of an indicator of whether acounty doesnot monitor
the pollutant of interest (NoMonitor) and the Pollindex variable.

In estimating these policy-relevant variables, we try to control
for potentially confounding factors. There are several variables that
we would estimate in a traditional difference-in-differences model,
including the direct effects of Elecindex, Right, LabCapRatio, and
Pollindex: 8; - 84. However, all of these are perfectly collinear with
the various fixed effects that we estimate. For example, the direct
effect of Right-to-Work states cannot be separately identified given
the inclusion of state-year fixed effects. We do control for a flexible
function of pollutionconcentrationlevels, poII;t.aTheZ vectorhascoun-
ty variables: a county's population in 1970, its distance to the nearest
metropolitan area’'s Central Business District (CBD), the county's land
area, and the log of the 1990 housing values.'® In the core specifications
we control for a county-pair fixed effect, industry-yearfixed effectsand
state-year fixed effects. We rely heavily on these border-pair fixed
effects to soak up spatial variation in local labor market conditions,
climate amenities, and proximity to intermediate input providersand
final customers. Past studiessuch as Dumais et al. (2002) have empha-
sized the importance of labor poolingas an explanationfor why firmsin
the same industry locate close together. The industry-year fixed effects
control for any macro levelchangesin demand due to shifting national
consumptiontrends or world trade.!” The state-year fixed effectscon-
trol for local labor market conditionssuch as local wage trendsand any
state policy that affectsa firm's propensity to locate within a state. For
example, some states such as Missouri have low taxes while others
such as Californiado not."?

We use several different dependent variables. We begin by exam-
ining the number of manufacturing employees. We also present
results that focus on an industry's percentage of total county employ-
ment. In another specification, we report results for the natural log of
employment, which is estimated only for observations with positive
employment. As discussed below, 14 percent of our observations
have no establishments and thus no employees.

For each manufacturing industry, we can measure the electricity
intensity and the labor—capital ratio. These data are from NBER Pro-
ductivity Data Base and cover 1997 to 2009."° Below, we will also

° Counties are more likely to be assigned to nonattainmentstatus if their ambientair
poliution levels in the recent past have been higher. If booming counties have high reg-
ufation levels, then a researcher could conclude that regulation raises employment
levels when in fact reverse causality is generating this relationship. To sidestep this
problem, we include a flexible function of the county's ambient poliution level.

0 Adjacent counties are unlikely to be “twins.” The classic monocentric model of ur-
ban economics predicts that counties closer to a major Central Business District will
feature higher population densities and higher land prices than more suburban
counties. We have also estimated specifications that included other county attributes
such as a dummy indicating whether the county is the metropolitan area's center
county and another dummy that indicates whether the county is adjacent to an Ocean
or a Great Lake. The resuits are robust to controlling for these variables and are avail-
able on request. In Appendix Table A1, we present formal tests of whether our explan-
atory variables included in the Z vector are “balanced.” We find that these covariates
vary by treatment for high electricity prices, labor regulation, and environmental reg-
ulation. In a regression reported in Table 5, we include linear trends for each covariate
to test whether our results are robust.

T Linn (2009) documents that linkages between manufacturing industries amplify
the effect of macro energy price shocks. Given that energy-intensive industries are im-
portant input suppliers to other industries, there could be industry—year effects driven
by such linkages. Inctuding the industry—year fixed effects helps to address this issue.
For more on the macroceconomics impacts of energy price changes see Killian (2008).

2 Recent empirical work has documented that minimum wage differences across
states do not influence the locational choices of low skill jobs (Dube et al., 2010).

3 See http://www.nber.org/data/nbprod2005.html. We thank Wayne Gray for pro-
viding us with data that extends the sample through 2008.

present results for non-manufacturing industries but we cannot
measure their electricity, labor, or poliution intensity. As such, our
main results focus on manufacturing where we can test for the role
of geographic regulations in attracting employment activity.

The interaction terms presentedin Eq. (1) allow us to test three hy-
potheses.The first hypothesisis thatenergy-intensiveindustriescluster
on the low electricity price side of the border. The second hypothesisis
that labor-intensiveindustriescluster on the Right-to-WorkSide of the
border. The third hypothesisis that high emission industriescluster in
the low environmental regulation side of the border.

We estimate Eq. (1) using weighted least squares. We will also
present results in which we instrument for local electricity prices to
test whether these prices are driven by exogenous factors. Note that
each county/industry/year observation enters multiple times since a
county can be adjacent to several counties. We place equal weight
on each county/industry/year observation with weights based on a
county's number of borders.'* Multiple entries also require standard
error corrections: we need to cluster at this level or one that is more
aggregated. We cluster by major utility to allow for serial correlation
and spatial correlation.

In a second set of econometric results, we employ a more conven-
tional model without border pairs. We include county fixed effects
and exploit within county variation in environmental regulation and
electricity prices to estimate the association between these variables
and employment clusters. In Eq. (2), the unit of analysis is by county
i, industry k, electric utility u, and year t. We estimate Eq. (2) with
county, industry—year, and state—year, fixed effects:

empyie % B1PY b BoPit Elecindex; b B;Righty LabCapRatioy
pB4Nonattain; p BsNonattain_Pollindex, p BsNoMonitor;

b B;NoMonitor,Poliindex, p féPoliyPb a; b Vi b Ty b €iueit:
a2p

By exploiting within-county variation over time in electricity prices
and environmental regulation, these estimates can be thought of as a
short-term response to changes in the relevant explanatory variables.
The county fixed effects regression presented in Eq. (2) also addresses
the criticism that there are fixed county attributesthatare not captured
by our controls that couid be correlated with the key explanatory vari-
ables. If these unobservablesare time invariant, then including county
fixed effectsaddress this concern.

3. Three margins affecting geographic concentration
of employment

A key identifying assumption in this paper is that there exists
within county border pair variation in labor reguiation intensity, elec-
tricity prices, and Clean Air Act intensity that allows us to observe
“exogenous” variation.

3.1. Electricity prices

Electricity prices vary across electric utility jurisdictions (see Fig. 1
for county average prices in 1998). Adjacent counties can lie within
different electric utility jurisdictions. Each of the approximately 460
US. electric utilities charges different electricity prices. In the ideal
research design that relies on county-level employment data, each
county would be served by one utility. In this case, we would have a
sharp spatial regression discontinuity at each county border but this
is not the case. Some major counties have muitiple utilities. While
other utilities span several counties. If two adjacent counties lie within

4 Theanalytic weightsare the inverse of the number of timesa given county/industry/
year enters the sample.
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Fig. 1. Industrial electricity prices in 1998 ($/kWh).

the same electric utility district, then there will be no within border
pair variation for these counties.*”

Most of our border pairs are within the same utility area. However,
for those pairs that cross utilities, the price differences can be signif-
icant. The median price differential is about one cent for border pair
counties that lie in different utility areas. For five percent of these
counties, the difference is over nine cents a kWh. For firms in
electricity-intensive industries, this differential represents about
seven percent of revenue. This fact highlights that there are significant
cost savings for a subset of industries for choosing to locate in the
lower electricity price county within a county-pair.

Most US. retail electricity prices are determined through rate hear-
ings where regulated firms can recover rates through average cost pric-
ing. During the early part of our sample, most rates were the function
of past costs that had little to do with current production costs.'® In
regions that restructured their wholesale electricity markets, retail
rates were frozen for an initial period when utilities were to recover
“stranded” assets. Today, the retail prices in these markets reflect
wholesale costs, as passed on to consumersthrough retail competition.

S Daviset al. (2008) find that, in 2000, about 60 percent of the variation in electricity
prices paid by manufacturing plants can be explained by county fixed effects. The
remaining differences may be due to multiple utilities serving a county, non-linear
pricing where customers are charged both a usage fee and a peak consumption fee,
or because of different rates negotiated with the utilities. Davis et al. find evidence of
scale economies in delivery that are consistent with observed quantity discounts.

8 High capital costs of nuclear plants and Public Utility Regulatory Policy Act
(PURPA) contracts from the 1970sand 1980s led to substantial regional variation in re-
tail electricity prices during the 1990s. See Joskow (1988, 2006) for a discussion of re-
tail pricing in the electricity industry.

Qur electricity price data are constructed from data available from
the Energy Information Administration (EIA) form 861." We deter-
mine prices by aggregating revenue from industrial customers at any
utility that servesthese customersin agivencounty and year. We divide
this industrial revenue by the quantity of electricity sold to industrial
customers by those utilities in that year.'® For clustering, we assign
the county to one of the 178 major utilitiesin our sample.'®

3.2. Labor regulation

We follow Holmes (1998)and assign each county to whether it is lo-
cated in aRight-to-Workstate or not. Today, there are 22 statesthat are
Right-to-Work states. A Right-to-Work law secures the right of em-
ployees to decide for themselves whether or not to join or financially
supporta union. The set of statesincludes Alabama, Arizona, Arkansas,
Florida, Georgia, [daho, lowa, Kansas, Louisiana, Mississippi, Nebraska,
Nevada, North Carolina, North Dakota, Oklahoma, South Carolina,
South Dakota, Tennessee, Texas, Utah, Virginiaand Wyoming.?°

When we restrict our sample to the set of counties that are both in
a metropolitan area, we have relatively few cases in which one county

7 See hitp://www ela.doe.govicneat/electricity/page/eiad6 1. himl

8 |n fact, industrial customers face a non-linear structure that has a per day fixed me-
ter charge, an energy charge per kWh consumed, and an additional demand charge
based on peak hourly consumption (KW) during a billing period. In addition, rates
may differ by firm size and type. Some large firms face tariffs with a specific tariff that
applies to them. Our empirical strategy imposes that firms respond to cross county av-
erage price variation when in fact firms will recognize that they face a non-linear pric-
ing schedule.

° For counties with multiple utilities, the major utility is defined as the utility with
the largest total sales across all of its industrial customers.

20 Recently, this policy has been debated in states including New Hampshire, Missou-
ri and Indiana. In December 2012, Michigan passed right-to-work legisiation.
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lies in a Right-to-Work state and the other county lies in a non-Right-
to-Work State. Two examples of such a “hybrid” metropolitan areas
are Kansas City, Missouri and Washington D.C. Below, we also report
results in which we use all US. counties.?'

3.3. Environmental regulation

The Clean Air Act assigns counties to low regulation (Attainment
Status) and high regulation (Nonattainment Status) based on past am-
bient air poliution readings. The Environmental Protection Agency
does not monitor air quality in every county. Another indicator of
low regulation is if ambient air pollution is not monitored. Kahn
(1997) documents higher manufacturing growth rates in counties
that do not monitor ambient pollution relative to those that do moni-
tor. Within county border-pairs, there is variation in environmental
regulation both due to cross-sectional differences (i.e., high reguiated
counties that are adjacent to less regulated cleaner counties) and due
to changes over time (reclassification of counties from attainment to
nonattainment and vice-versa). In this paper, we focus on ozone as
one of the six criteria poliutants. We also estimate similar models for
carbon monoxide and particulate matter.??

We use a continuous measure of ozone pollution intensity.”> We
divide total emissions by the annual value added of each industry
(from the NBER productivity data) to construct a poliution intensity
index. Finally, we normalize the index to range from zero to one for
ease in interpreting coefficients. We hypothesize that high-polluting
industries—including petroleum and coal products, nonmetallic min-
eral products, and paper manufacturing—should be the most respon-
sive to avoiding the nonattainment sides of the county border pair
and in locating in that county within the county border pair that does
not monitor ambient ozone. The data indicating a county's Clean Air
Act regulatory status are from the EPA's Greenbook?* Our county/
year ambient air poliution data are from the U.S. EPA AIRS data base.
Qur regressions include a cubic function of a county's ambient ozone
level.

4. Resuits

Table 1 reports the summary statistics. The uneven distribution of
manufacturingactivity is revealedin the first row. The average county/
industry/year observation has 668 jobs but the median is 111 and the
maximum is 158,573.1t isrelevantto note that these summarystatistics
are based on all counties located in metropolitan areas and excludes
about 75 percent of US. counties. Of this sample, 86 percent have at
least one employeein that county, industry, and year.

Table 2 reports the names and key statistics for the 21 manufactur-
ing industries that we study. The rows are sorted from the most
energy-intensive industry (Primary Metals) to the least energy-
intensive industry (Computer and Electronic Product Manufacturing).
The most energy-intensive industry uses sixteen times as much elec-
tricity per unit of output as the least electricity-intensive industry. In
Table 2, we report each industry's labor-to-capital ratio. Apparel,
Leather, Textiles, and Furniture are some of the most labor-intensive
industries. In contrast, the primary metals industry has a tiny labor-
to-capital ratio. The cross-industry correlation between the electricity

2" In metropolitan areas, there are 36 counties that make up 28 different pairs where
a state line is crossed. For the full sample, 425 counties abut a state line and make 443
county pairs.

22 We estimate Eq. (1) using two other measures of local environmental regulation
intensity: a county's carbon monoxide (CO) nonattainment status; and a county's par-
ticulate matter (PM) nonattainment status.

2% From EPA's NEI data, we aggregate total tons of emissions by industry, year
and pollutant (see ftp://ftp.epa.gov/Emisinventory/2002finainel/2002_final_v3_2007_
summaries/point/alineicap_annual_11302007 zip). For ozone, we aggregate tons of ni-
trogen oxides and tons of volatile organic compounds.

24 hitp://epa.gov/airquality/greenbk/.

index and the labor-to-capital ratio equals - 0.4. In the right column
of Table 2, we report each of these industries’ poliution intensity. Pol-
lution intensity is positively correlated with the electricity index (0.5)
and negatively correlated with the labor-to-capital ratio (- 0.4).

In Table 3, we report our first estimates of Eq. (1). Recall that each
county pair consists of two metropolitan area counties that are phys-
ically adjacent. Controliing for county-pair fixed effects, industry—
year fixed effects, and state-year fixed effects, and a vector of county
attributes (log of land area, log of the distance to the closest metro
area’s Central Business District, the log of the county's 1970 popuia-
tion, and the log of the 1990 housing values), we focus on the role
of electricity prices and labor and environmental regulation in deter-
mining the geographic location of manufacturing clusters.?®> As
shown in column (1), we find evidence of a negative relationship be-
tween electricity prices and manufacturing employment activity for
all manufacturing industries whose normalized electricity index is
greater than 0.094.%° We find the largest negative effects of electricity
prices on the most electricity-intensive industry, primary metals, has
an implied price elasticity of employment of - 1.65.27

To better understand the magnitude of these effects, assume that a
state implemented acarbon price of $15 per ton of CO,. Given the car-
bon intensity of producing power in different regions of the US, this
can be mapped into a change in electricity prices (see Kahn and
Mansur, 2010). Because of the variation in carbon-intensive electrici-
ty markets and energy-intensive manufacturing across states, our
coefficients imply that the employment losses could be much larger
in places like Ohio (21,884 jobs or 3.8 percent) than in California
(4648, or - 0.3 percent).?®

Controlling for electricity prices, we find that labor-intensive
manufacturing clusters on the Right-to-Work side of the county bor-
der pair. For the most labor-intensive industry (Apparel), the coeffi-
cients imply 443 more jobs on the right-to-work side of the border,
relative to an extremely capital-intensive industry like petroleum.
This is approximately half of the average number of workers in a
given county/industry/year. It is relevant to contrast this finding
with Holmes' (1998) work. He finds that the share of total employ-
ment that is in manufacturing is greater by about one third in Right-
to-Work states. He did not disaggregate manufacturing into distinct
industries. If the Right-to-Work status simply reflected this overall
ideology then we might not observe that labor-intensive industries
are more likely to cluster there. Our finding of a positive industry-
average labor intensity interaction with the state’s labor policies high-
lights the importance of allowing for industry disaggregation and is
consistent with economic intuition.

Controlling for electricity prices and labor regulation, we also study
the role of environmental regulation. As expected, we find that em-
ployment in high-pollution industries is lower in high-regulation
(nonattainment) counties. We also find that employment is higher
for high-ozone industries in counties that do not monitor ozone.

2% For the first column, when we look at the level of manufacturing employment, we
use the level of population in 1970 to be consistent. The results are similar when log
historic population is used instead. Recognizing that within a county, such as Los
Angeles County, firms may seek out the cheapest utility within the county, we have
re-estimated our models using the minimum price in the county and find very similar
results.

28 Deschenes (2012) uses a state/year panel approach using a longer time series than
we do and does not disaggregate manufacturing industries beyond; “durables” and
“non-durables.” Controlling for state and year fixed effects, for “non-durables” he re-
ports a positive correlation of electricity prices and employment based on a specifica-
tion with state and year fixed effects.

27 This is the sum of the coefficient on price and the coefficient on price interacted
with the index (which is normalized to range from O to 1, where 1 is the most
electricity-intensive industry (primary metals)) all divided by the average employ-
ment in our sample: (114.6 + (- 1217.6)*1)/668 = - 1.65.

28 See Kahn and Mansur (2010) for a discussion of the assumptions regarding this
application.
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Table 1
Summary statistics.
1st 3rd

Variable Units Obs Mean Std. dev Min Quartile Median Quartile Max
Mnfct. employees Workers 157,459 668 2373 0 10 111 515 158,573
% Total emp. % 157,459 0.7% 1.8% 0.0% 0.0% 0.2% 0.7% 56.4%
In(Employment) 135,531 497 205 0.00 354 519 648 1197
Any manufacturing on 157,459 0.86 0.35 0.00 1.00 1.00 1.00 1.00
Suppressed data 0/1 157,459 043 0.50 0.00 0.00 0.00 1.00 1.00
Electricity price $/kWh 157,459 $0.065 $0.024 $0.000 $0.050 $0.057 $0.069 $0.523
Electricity index kWh/shipments 157,459 033 0.23 0.00 0.16 022 0.44 1.00
Right to work laws 0/1 157,459 0.44 0.50 0.00 0.00 0.00 1.00 1.00
Labor/capital ratio Work hours/capital 157,459 0.018 0.013 0.001 0.008 0.015 0.024 0.076
Ozone emis. rate Tons/$MM value added 157,459 1.79 255 0.03 0.34 063 1.90 9.7
Ozone nonattainment 0/1 157,459 0.34 047 0.00 0.00 0.00 1.00 1.00
PM Nonattainment 0/1 157,459 0.11 0.32 0.00 0.00 0.00 0.00 1.00
CO nonattainment 0/1 157,459 0.04 0.19 0.00 0.00 0.00 0.00 1.00

Notes: An observation is by county, year, and 3-digit NAICS industry code. Index is normalized to range from zero to one.

Adistinctivefeatureof ourstudy isthat wesimultaneouslystudy the
marginal effects of energy prices, labor regulation,and environmental
regulation in one unified framework. In Table 3's columns (2-4), we
present our estimatesfor what we would find if we studied these vari-
ablesindividually.In column (2), we find that the electricitypriceinter-
action grows more negative by 16%and the labor intensity interaction
shrinks by roughly 33% and the environmental reguiation interaction
grows more negative by roughly 1%

The results in column (5) of Table 3 switch the dependent variable
to the ratio of a county/year's jobs in a given industry divided by total
county employment. This was Holmes' (1998) dependent variable.
This measure better captures the composition of jobs within a county.
The electricity price and labor regulation resuits are similar to the
resultsin column (1) but in this specification we reject the hypothesis
that environmental regulation is a statistically significant determi-
nant of where manufacturing clusters. For the primary metals in-
dustry, we find that a ten percent increase in electricity prices is
associated with a 0.034 percentage point reduction in the share of
workers in the county who works in this industry.

In Table 3's column (6), we use the log of the county/industry/
year's employment and thus lose the observations for which there
are zero jobs. The electricity price and labor policy results are qualita-
tively quite similar to those reported in Eq. (1). Based on this speci fi-
cation, we estimate an employment electricity price elasticity of
- 0.91 for the primary metals industry. Overall, we conclude that our
environmental regulation results are sensitive to functional form
assumptions.

Following Holmes (1998), the last column of Table 3 includes just
small counties. Namely, the sample consists of paired counties
whose centroids are within 30 miles of each other. Small counties
are more likely to have similar unobserved shocks. Of course, smaller
counties are likely to be in more densely populated areas as weli, so
we are exploring a different subset of the population. We find that
the main results are qualitatively robust, with similar signs and sig-
nificance, as our main findings. However, the policy effects are atten-
uated suggesting that there is heterogeneity in the employment
effects between large and small counties. Appendix Table A2 explores
how our results change across a range of centroid distances.

Given the estimates in column (1) of Table 3, we can now compare
the relative sensitivities of a given industry to energy prices, labor
policy, and environmental policies. For an industry like petroleum—
which is energy intensive, capital intensive, and a high-ozone
polluter—banning Right-to-Work laws would have the same effect on
employment as an eight percent increase in electricity prices. In con-
trast, if a petroleum manufacturer's county falls into nonattainment
with environmentalregulations, thisis akin to tripling electricity prices.
Other industries that are not energy or poliution intensive are not as
negatively affected by either higher energy prices or pollution

regulation. For example, for apparel manufacturing, repealing a
right-to-work law is akin to a fourfold increase in electricity prices.

In Table 4, we modify Eq. (1) by estimating separate coefficients on
electricity prices for each manufacturing industry. In other words, we
relax the index restriction on electricity prices that was imposed on
the results reported in Table 3. We also estimate Eq. (1) separately
for fifteen major non-manufacturing industries.?® The results report-
ed in Table 4 focus on the role of energy prices. We do not include
labor or environmental reguiations in these regressions. We report re-
sults for three dependent variables: the employment level, the
industry's share of county employment and log employment. For ten
manufacturing industries, we find negatively statistically significant
correlations (at the five percent level) for the level of employment
and electricity prices. For logemployment, we find a negative correla-
tion for seven of the industries. In the case of the share regressions, we
find fewer negative correlations and actually find positive correlations
for industries such as Textile Products (NAICS 314), Computers (NAICS
334) and Miscellaneous (NAICS 339). These two industries each have
avery low energy intensity index.Finally, we note that Tables 3 and 4
imply similar employee-weighted average elasticities across indus-
tries for each specification.*®

The bottom panel of Table 4 reports similar regressions for non-
manufacturing industries. Many of these industries employ millions
of people and have experienced sharp employment growth between
1998 and 2009. Employment in expanding industries such as Credit
Intermediation (NAICS 522), Professional, Scientific and Technical Ser-
vices (NAICS 541), and Management of Companies and Enterprises
(NAICS 551) is responsive to electricity prices with elasticities of ap-
proximately - .15. However, for most non-manufacturing industries,
we find that energy prices are not an important correlate of geograph-
ical concentration. An examination of BEA electricity cost shares indi-
cates that there is not a cross-industry negative correlation between
electricity prices and electricity cost shares for non-manufacturing
industries.”’

2% We choose the 15 industries with the most employees in 1998. Wholesale elec-
tronic markets (NAICS 425) had the ninth most jobs in 1998 but the NAICS 2002
reclassifications made it difficult to track this industry. instead, we added the 16th
most common job in 1998, Motor Vehicle and Parts Dealers (NAICS 441). Note that
the border-pair and state—year fixed effects differ by non-manufacturing industry but
are pooled for manufacturing industries.

3% For the linear specification, the implied elasticity is — .30 in Table 3 and - 41 in
Table 4. For the log specification, they are .00 and - .10, respectively. Note that the
log specification is conditional on any employment in the county/industry/year and
therefore need not be the same as the linear model.

3" We use Bureau of Economic Analysis (BEA) input—output data to construct elec-
tricity cost shares. See hitp://www beagov/industry/io_benchmark htm Using data
for 2002, we define the cost share as the ratio of an industry's dollars spent on electric
power (NAICS 2211) over its total industry output.
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Table 2
industry details.

Electricity Normalized electricity 2002 Ozone emissions
industry NAICS index index Labor-to-capital ratio Rate
Primary metal manufacturing 331 0.816 1.000 0.007 2845
Paper manufacturing 322 0.706 0.856 0.006 5.007
Textile mills 313 0503 0.591 0.014 1222
Nonmetallic mineral preduct manufacturing 327 0454 0.527 0.013 7.046
Chemical manufacturing 325 0.402 0.459 0.004 1.897
Plastics and rubber products manufacturing 326 0.330 0.364 0.016 0.974
Wood product manufacturing 321 0.253 0.265 0.028 3294
Petroleum and coal products manufacturing 324 0.245 0.254 0.002 9715
Fabricated metal product manufacturing 332 0.185 0.175 0.020 0426
Printing and related support activities 323 0.169 0.154 0.023 0632
Textile product mills 314 0.165 0.149 0.035 0.345
Food manufacturing 311 0.149 0.128 0.013 0.749
Electrical equipment, appliance, and component manufacturing 335 0.137 0.112 0.017 0.336
Furniture and related product manufacturing 337 0.123 0.094 0.043 1.376
teather and allied product manufacturing 316 0.110 0.077 0.035 0.547
Machinery manufacturing 333 0.103 0.068 0.014 0.156
Apparel manufacturing 315 0.102 0.067 0.047 0.028
Miscellaneous manufacturing 339 0.096 0.059 0.023 0.204
Beverage and tobacco product manufacturing 312 0.092 0.053 0.004 0422
Transportation equipment manufacturing 336 0.086 0.045 0.011 0.401
Computer and electronic product manufacturing 334 0.051 0.000 0.007 0.038
Correlation with electricity index -0.395 0485
Units kWh/shipments Work hours/capital Tons/$MM value added

Notes: Industries are defined by three-digit NAICS codes. Data thanks to Wayne Gray.
4.1. Additional empirical tests

In this section, we report additional regression resuits to test how
our core results are affected by changing the sample, the sample
years, including additional control variables and using different regu-
latory intensity measures. In Table 5's column (1), we report our
results using all of the counties in the continental United States. Rela-
tive to the metro sample, the results for the full county sample yield
the same coefficient signs but the absolute value of the coefficients
for electricity pricesand labor regulation shrinks by more than 50 per-
cent. The coefficients on environmental regulation indicators shrink
but by a much smaller percentage. In Table 5's column (2), we include
linear time trends for each control variable such as population and
home values to control for the possibility that counties differ with re-
spect to their growth trajectory. The results are robust for controlling
for these trends. Columns (3) and (4) use particulate matter and car-
bon monoxide poliution in place of the ozone for attainment status,
monitoring status, high polluter industries, and concentration ratios.
We find similar coefficients as in our main results but larger standard
errors.*?

We recognize that there are cases in which a county's average
electricity price could be correlated with the error term. A demand
side explanation argues that a boom in local employment will result
in an increase in the utility's demand. This requires more expensive
power plants to operate, and electricity prices will increase. Second,
industrial firms have some bargaining power in negotiating rates
with the electric utility. Third, imprecise measurementofa firm's elec-
tricity price: measurement error leads to an attenuation bias of OLS
estimates.To address these concerns, we present instrumental variable
results in Table 5's column (5). We construct instruments using the
product of the local utility's capacity shares of coal, oil and gas-fired
power plantsand the respectiveannual average fuel price.** Thesample
size declines because we are missing fuel shares for some utilities. The

32 These results are not surprising given the few number of counties in nonattain-
ment with these poliutants.

33 The shares data are from the EIA form 860 data for 1995. The fuel prices are from
the ElA: coal prices are quantity-weighted annual averages from EIA form 423; oil
prices are the spot WTI; and natural gas prices are the annual Henry Hub contract 1
prices.

F-Statistic for the first stage equals 1139. The key finding to emerge in
this instrumental variables case is that all industries (even those with
the lowest energy intensity) now have a negative employmentelastic-
ity with respect to energy pricesand the effect is much larger. The other
coefficients on labor and environmental regulation are consistent with
our core hypotheses.

The recent deep recession has highlighted the importance of US.
manufacturing to our economy. During a recession, few firms are
creating jobs but industries and locations may differ with respect to
the rate that they are shedding jobs. In Tabie 5's column (6), we
re-estimate Eq. (1) using just two years of the data; 2008 and 2009
to see how our key explanatory variables affect employment during
a major recession. The results are qualitatively similar to the fuil sam-
ple results reported in Table 3's column (1) but the negative effect of
electricity prices on employment now holds for all industries. For the
most electricity intensive industry, the implied elasticity is - 1.69.%*

An alternative strategy for studying the role of regulations and elec-
tricity prices on employment is to estimate Eq. (2) and include county
fixed effects.In this case, the key interactioneffects are identified from
within county yearly variation in electricity prices, and the county's
regulatory intensity and national changes in the industry's annual poliu-
tion intensity, labor intensity and electricity intensity. As shown in
column (7), the results are remarkably similar to our results reported
in Table 3's column (1) when we include border-pairfixed effects.*

4.2. Regulation's impact on industrial organization

The County Business Patterns data provides information for each
county/industry/year on its employment count and establishment

3% We have also estimated this regression using data from 2007 to 2009 and find
quite similar results.

3% Incumbent firms are likely to face migration costs to relocate. If large capital costs
are sunk, firms may delay relocating untif their existing production facility depreciates
or there are large differences in operating costs across geographic focations. One exam-
ple is the Ocean Spray Corporation which plans to close its 250-worker cranberry con-
centrate processing plant in Bordentown, New Jersey in September 2013, and move it
to Lehigh or Northampton counties in Pennsylvania. The closing facility is old and high
cost. The company has claimed that it is attracted to the new Pennsylvania location be-
cause of lower power, water and trucking costs (http://www philly com/philly/blogs/
ing-phillydeals/South-Jersey-plant-to-close-250-jobs-moved-report. html).
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Effect of regulation on manufacturing employment.

Manufacturing N N N Percent total InN N (small counties)
employees (N) employment
1 2 4 5 6 7
In Electricity price 1146 1799 017 0.25** 1076
(180.3) (193.5) (0.09) (0.12) (100.6)
In Price* electricity index -1217.6™ -1410.1* -0.51* -1.16"* - 570.3***
(515.8) (578.3) (0.23) (0.33) (193.2)
Right to work™ labor/capital 9430.7*** 6346.8"** 863" 9.81 7939.2%**
(2851.9) (2346.8) (3.28) (3.27) (2201.8)
Nonattainment county 87.4* 102.1** -0.06™* 0.02 410
(46.1) (51.2) (0.03) (0.03) (37.3)
Nonattainment* pollution index - 519.1* -615.1* 0.06 -0.09 - 200.1*
(197.7) (245.1) (0.09) (0.14) (91.9)
No poliution monitor - 99.9* - 996" 0.10** -0.04 -328
(44.4) (43.8) (0.02) (0.04) (41.0)
No monitor® poliution index 542.8*** 550.1*** -0.18* 0.20* 359.3%*
(110.3) (113.7) (0.09) (0.10) (89.2)
R? 0.36 0.36 0.36 0.36 0.13 053 0.28
N 1,120,243 1,127,406 1,127,406 1,120,243 958,946 947,301 643,440

Notes: All regressions include cubic polynomials of ozone concentrations, county population in 1970, miles to CBD, area of county, 1990 housing values, and county—pair, industry—
year, and state—year fixed effects. The omitted category is a county located in a pro-union state that does monitor air quality and is in attainment with Clean Air standards. Signif-
icance is noted at the 10% (*), 5% (**) and 1% (***) levels. Standard errors clustered by utility.

count. In Table 6, we use these two pieces of information and in addi-
tion we calcuiate the average employment count per establishment.
We report regression estimates of Eq. (1) using each of these as the

dependent variable. Table 6's column (1) is identical to Table 3's
column (1).Incolumn (2), we report the establishment count regres-
sion. We find that the count of establishments responds to both

Table 4
Employment regressions by industry.
Employees in industry growth BEA elect. InN Employees
NAICS 1998 (1000s) cost share Manufacturing industries Coef. SE Coef. SE.
311 1464 - .004% 1.17% Food 0.03 (0.24) 239 (311)
312 173 -10% 0.7%% Beverage & tobacco product 0.02 (0.41) - 890 (396)*
313 385 -51% 2.40% Textile mills -0.31 (0.58) -970 (344)***
314 217 - 28% 0.77% Textile product mills 0.17 (0.16) - 905 (312)**
315 671 - 68% 0.54% Apparel 025 (0.32) 227 (434)
316 79 -53% 0.66% Leather & allied product -0.10 (0.27) - 1026 (380)™*
321 580 -1% 1.35% Wood product -0.59 (0.23)* - 1008 (329)***
322 568 -22% 3.3%% Paper -047 (0.22)* -728 (303)™
323 845 - 24% 0.9%% Printing & related activities 027 (0.11)* -60 (119)
324 111 -7% 0.78% Petroleum & coal products -059 (0.25)* - 1007 (371)*
325 901 -11% 3.4%% Chemical 0.08 (0.19) 143 (317)
326 1030 -13% 182% Plastics & rubber products -024 (0.15) - 240 (194)
327 508 - 5% 2.20% Nonmetallic mineral product -033 07y -723 (287)
331 615 - 27% 3.40% Primary metal -1.17 (0.26)*** - 1053 (331)***
332 1816 - 14% 142% Fabricated metal product -0.18 (0.14) 979 (555)*
333 1444 -22% 0.47% Machinery -0.31 (0.18)* - 211 (260)
334 1681 - 37% 0.27% Computer & electronic product 067 (0.26)* 2185 (910)*
335 602 - 30% 0.66% Electrical equipment, appliance 0.1 (0.20) - 574 (256)**
336 1911 -15% 0.21% Transportation equipment -0.80 (0.28)*** - 243 (578)
337 604 - 10% 0.70% Furniture & related product -0.11 (0.14) - 584 (155)**
339 737 - 7% 0.4%% Miscellaneous 0.71 (0.12)"** 574 (194)**
Other industries
238 8926 26% 128% Specialty trade contractors 0.10 (0.06)* - 825 (576)
441 1757 11% 128% Motor vehicle & parts dealers -0.06 (0.06) - 797 (315)*
445 2944 - 1% 128% Food & beverage stores 0.03 (0.12) - 786 (412)*
452 4263 - 34% 1.28% General merchandise stores -0.07 (0.06) - 549 (288)*
522 2688 22% 0.10% Credit intermediation & related -0.15 (0.08)" =277 (350)
524 2312 3% 0.11% Insurance carriers & related -0.22 (0.12)* - 340 (389)
541 6052 33% 0.1%% Professional, scientific & techn. -0.18 (0.09)* - 4099 717y
551 2704 8% 0.63% Management of companies -0.15 (0.13) -1514 (540)*
561 8366 27% 0.28% Administrative & support -0.07 0.11) - 3151 (1245)™
611 2324 28% 2.18% Educational services 0.02 (0.11) - 81 (605)
621 4482 27% 0.35% Ambulatory health care 0.07 (0.05) -14 (528)
622 5011 % 1.13% Hospitals -0.13 (0.11) 463 (477)
623 2511 19% 1.38% Nursing & residential care 0.14 (0.05)** 107 (191)
722 7758 22% 1.96% Food services & drinking places 0.00 (0.04) - 2854 (1218)™
813 2488 12% 0.20% Religious, grantmaking, civic -0.04 (0.04) 14 (187)

Notes: For manufacturing industries, we modify Eq. (1) so that each industry has a separate price coefficient. For non-manufacturing industries, we estimate Eq. (1) separately for
each industry. Industry growth is from 1998 to 2006. See Table 3's notes for further details.
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Table 5
Alternative regressions exploring the relationship between regulation and manufacturing employment.
All counties County trends PM CO Instrumentat Instrumental County
regulation regulation variables variables fixed effects
1 2 3 4 5 6 7
In Electricity price 679 30 232 -187.7 — 3648.4* - 469.6” 540.6"**
(55.7) (188.9) (193.3) (2127) (15984) (250.9) (195.1)
In Electricity price™electricity index -416.4** - 1214.4** - 1417.2%** - 1149.7"** - 2839.2 - 748.2* -1217.2**
(176.3) (515.3) (4436) (387.1) (20487) (373.3) (516.9)
Right to work*labor/capital 4416.4* 9429.0*** 7750.6** 79654 8302.9"** 8540.1* 94322
(1209.1) (2851.7) (3910.6) (4057.2) (3060.3) (3527.9) (2858.7)
Nonattainment county 142.3** 113.0% 58.5 510.7** 496 796 656
(36.4) (45.3) (115.6) (2364) (55.9) (75.2) (41.3)
Nonattainment*poliution index —-589.2*** - 519.5%* -4813 -1150.1 -3624* -470.3** -519.2%*
( 156.0) (197.8) (333.2) (877.5) (193.1) (195.6) (198.2)
No pollution monitor - 835 -916** -122.7* -644 - 130.4* -810 - 109.3***
( 16.0) (45.1) (50.7) (135.7) (59.1) (57.7) (20.5)
No monitor*poliution index 3302 542.8*** 574.3% 947. 7+ 602.4*** 455 9%+ 542.8***
(45.7) (110.3) (99.7) (164.5) (140.6) (90.1) (110.5)
County pair FE Y Y Y Y Y Y
Industry—year FE. Y Y Y Y Y Y Y
State-year FE. Y Y Y Y Y Y Y
County FE. Y
R? 0.37 037 0.34 0.34 043 0.39 0.38
N 3,010,812 1,120,243 1,100,173 1,104,840 798,208 185,828 182,507

Notes: Column (2) includes linear time trends for the county variables (population in 1970, miles to CBD, area of county, 1990 housing values). See Table 3's notes for further details.

electricity prices and to environmental regulation. Establishments
that are energy intensive avoid the high electricity price counties.
We cannot reject the hypothesis that there is no correlation between
labor regulation and the establishment count. In column (3), we
switch the dependent variable to the log of the establishment count.
In thiscase, we find that there are more labor-intensiveestablishments
clusteringon the Right-to-Workside of the border. We continueto find
evidence that electricity prices and ozone regulation are determinants
of establishments.In columns (4) and (5) of Table 6, we report regres-
sion results for two measures of facility size: the ratio of workers per
establishment,and its log. Bigger firms avoid the high electricity price
county. Surprisingly, we find no statistically significant correlation
between a county'sRight-to-Work status and the size of facilitieseven
for labor-intensiveindustries.Based on the resultsin column (4),small-
er firms in high ozone industriesare clustering in counties that do not
monitor ozone.

4.3. Summary of results

We summarize our findings in Table 7. In this table, we use our re-
gression results from Table 3'scolumn (1) and we report our estimat-
ed effects for electricity prices, labor reguiation and environmental
regulation. Recall that the interaction terms between electricity
prices, labor regulation and environmental regulation and the indus-
try specific attributes listed in Table 2 play a key role in our estimates
of Eq. (1). I nTable 7, we exploit this information to report how the ef-
fects of electricity prices and regulation vary with industry attributes.
The most intensive industries in electricity, labor and poliution are
much more sensitive to their respective policies. For example, the
electricity price elasticity is almost negative two for electricity inten-
sive industries, such as primary metals, but is inelastic and only weak-
ly significant for the average industry in our sample. Labor and
environmental policies have huge effects on their most intensive

Table 6
Regulation and establishment characteristics.
Employees Establishments Log establishment Workers per tog
establishment (workers per establishment)
1 2 3 4 5
In Electricity price 1146 6.3** 0.12* 10.9** 0.12*
(180.3) (2.8) (0.07) (44) (0.06)
In Price *electricity index -1217.6** —-38.1* - 0.57*** — 423 - 0.59%
(515.8) (14.8) (0.20) (12.0) (0.14)
Right to work*labor/capital 9430.7"* -141 7.46%* -117.0 2.34
(2851.9) (784) (1.82) (1156) (1.73)
Nonattainment county 87.4* 3.0 0.05%* — 4.3 -003
(46.1) (1.1) (0.02) (1.6) (0.02)
Nonattainment *poliution index - 5191 - 17.9* -0.17** 12.3* 0.08
(197.7) (5.8) (0.08) (6.4) (0.10)
No pollution monitor - 99.9* -16 -0.05* 447 0.01
(44.4) (1.0) (0.03) (1.5) (0.02)
No monitor *poliution index 542.8*** 13.5%** 0.25%** -11.2* -0.06
(110.3) (2.9) (0.06) (6.4) (0.07)
R? 0.36 044 0.77 0.14 0.28
N 1,120,243 1,120,243 947,301 947,290 947,290

Notes: See Table 3's notes for details.
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Table7
Summary table of main resuits.

Regutation or price Least intensive

(eg. Computers)

Average intensity Most intensive

(eg. Primary metals)

Electricity
Electricity priceElasticity 0172 -0.227* - 1.652%*
(0.270) (0.134) (0.621)
Labor (eg. Petroleum/coat) (eg. Apparel)
Right-to-workPercentage 214%™ 219%™ 67.0%*
(0.6%) (6.6%) (20.3%)
Poltution (eg. Apparel) (eg. Petroleum/coat)
Ozone nonattainment percentage 13.1%* 4.3% - 64.6%*
(6.9%) (4.7%) (24.5%)
Ozone no monitorPercentage - 15.0%* -58% 66.3%
(6.6%) (5.9%) (14.1%)

Notes: We report elasticities and percentages based on Table 3, Column (1) estimates and Table 1's average number of workers per observation. Standard errors are reported in
parentheses using the delta method. Average intensity is a worker-weighted average of the county—industry—year observations in our sample and equais 0.28 and 0.11 for the
normalized electricity and ozone indices, respectively. See Table 3's notes for further details.

industries, apparel and coal/petroleum respectively, but hardly mat-
ter for the average industry. As shown in Table 3, the electricity and
labor policy findings are robust to functional form assumptions but
are mixed for environmental policies.

5. Conclusion

The basic logic of cost minimization offers strong predictions con-
cerning where different manufacturing industries will cluster across
U.S. counties as a function of regulatory policies and input prices.
Using a unified framework that exploits within county-pair variation
in locational attributes, we have documented that labor-intensive in-
dustries locate in anti-union areas, energy-intensive industries locate
in low electricity price counties and high polluting industries seek out
low regulationareas. The environmental reguiation finding is sensitive
to functional form assumptions but previous studies have reported
qualitativelysimilar evidence. Based on our findings, we conclude that
energy prices are a significant determinant of locational choice for a
handful of manufacturing industries such as primary metals. For the
typical manufacturingindustry, the electricity price effectsare modest.

Qur analysis highlights the importance of studying the marginal
effectsofenergy regulation,labor regulationand environmental regula-
tion at thesame time.Republican “Red States” tend to have low electric-
ity prices, and be Right to Work states while Democratic “Blue States”
tend to have higher electricity prices and support union rights. Both
types of statesare roughly likely to have countiesassigned to pollution
non-attainmentstatus. This paper'sempiricalstrategyhasaliowed us to
estimate the marginal and total effects of this bundle of policies.

We anticipate that future research will access census micro data for
manufacturing plants. Such data would allow researchers to make
more progress on the likely mechanisms underlying the aggregate ef-
fects that we report. At the extensive margin, do incumbent firms exit
areas where environmental regulations tighten and electricity prices
increase? Or, do existing firms respond by reducing their output and
hence their consumption of inputs? Anticipating the persistence of
these policies do firms make investments to alter their use of the rel-
atively more costly input?

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/].jpubeco.2013.03.002.
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